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PREFACE 


TT is fifty years since Henry Bessemer made the great invention which 
has rendered his name famous, not onh' in English-speaking countries, 
but also in all civilised communities, and it is seven years since he died. 
If this Autobiography had dealt with the story of a lesser man, its 
appearance so long after his death might have reduced its interest and 
value so far as to render it scarcely worth while to place the narrative 
before the reader. But lapse of time cannot tarnish the lustre of 
Henry Bessemer’s memory, nor can common and world-wide use of the 
great, invention that crowned it, render uninteresting a story of the 
straggles through which he passed and the battles he had to fight before 
the world became enriched by his inventive genius. 

The late Abram S. Hewitt, himself an engineer of universal reputation, 
and one of the. pioneers of the Bessemer Process in the United States, 
speaking, at the. American meeting of the. London Iron and Steel 
Institute, in 1890, ^aid:— 








The words of Abram S. Hewitt are frequently quoted in the 
following pages, always in the same spirit of appreciation of the great 
inventor; but on no other occasion did he so justly and clearly 
crystallise his opinion of Bessemer as in the foregoing passage addressed 
to the Iron and Steel Institute, at a time when all the futile attempts 
that had been made' to deprive Bessemer of the profit and glorv of his 
great invention, had faded into almost forgotten history, and its practical 
outcome in the United States was measured by millions of tons of steel 
every year. 

On an early page of this yolume the author tells us' he makes 
no claim to literary merit. He, certainly, was without training in the 
art of writing, but the happy gift, which characterised all his mechanical 
work, of instinctively selecting the simplest and best means of attaining 
a given end, did not desert him here. He wrote just as he talked, and 
infused into his writing the charm of his conversation. It was one of the 
great pleasures of his latter years to discuss with Jus old and valued 
friends—the proprietors of Engineering —the details of his Autobiography, 
and each printed page is more or less a reflection of the man himself 
in his varying moods. The, eighty-five years of busy life which had 
been allotted him, had in no measure dimmed his memory, or even 
paled bis enthusiasm: and in his Autobiography he lived over again the 
ambitions of youth, the struggles of manhood, the bitterness of injustice, 
the pleasure of appreciation, and the satisfaction of success. The 
world, as it recollects Bessemer, only knew him as the triumphant 
inventor, but in this volume we tread with him the thorny road to 














whose well-known talent as a biographer hart all hut tempted me to 
commit tliis task to him. We had a long consultation on the subject, 
. but I could not feel that ply life and its Labours were a theme which 
could be treated in such a way as to make them interesting to the 
general reader, even when clothed in the beautiful language and charming 
style of that eminent writer. There were none of the exciting incidents 
of travel to relate : no hairbreadth escapes, no dangers by land and sea, 
to seize upon and captivate the imagination. Indeed, I could not 
help feeling that my daily pursuits were of too technical a character 
to supply tlic necessary materials to form an interesting book: and 
if the narrative were simply treated ir> the plain matter-of-fact style 
. of which alone I was capable, I felt it would have inevitably failed to be 
of sufficient interest, either to the general reader or to the man of 
science.. Thus the proposed biography was for the ‘time abandoned. 

- Nevertheless, several of my friends have from time to time tried to 
induce me to write a concise account of my. steel invention in my own 
quiet way. More especially was this view commended to my notice "by ray 
old. friend Alexander Hollingsworth and his colleagues, the able editors 
of Engineering, William H. Maw and James Dredge. Thus it was in 
the year 1884 I found myself busily engaged in preparing* large coloured 
drawings of the converting and other apparatus, and in the course of two 
‘or three months at least a dozen, drawings were completed, irom which 
' photographic copies on a reduced scale were made on w uod-bluckc- to 
illustrate the work I had just begun. At this time I u s al o e p 

designing the whole of the machinery about to be erected lq- mv e^amisun, 
William Bessemer Wright, at the new diamond mills i Cl 11 

and I became so deeply engrossed in working out the d t 1 
experimental diamond-cutting iuachim:s \dm-h "Oi^ m v f in¬ 


struction on my own premises at Denmark lull, that b. •• 

attention was gradually more and more drawn from tho book I L. 
commenced, and I became at last, nholl} «o^nbo.l .... tL. ■ —........... 

work of construction going on cvoi.^ Tv »». »»v A... 

long-contemplated autobiography, was laid a>id-.-. ,....1 1 .....4 ..• •- tl - 

there always was in my mind an undereiment ... h-.-huu l- d,„ 

I have at all times keenly expern-m-ed da- Liunb, .... 



















After a year or two at the vice and lathe, arid other practical 
mechanical work, my father allowed me to employ myself in making- 
working models of any of the too-nuraorous schemes which tile vivid 
imagination of youth suggested. Among these. I well remember, was 
a machine for malting bricks, which was one of the most successful of my 
early attempts, producing pretty little model bricks in white pipeclay. 
I always had access to molten type-metal, which I used for casting 
wheels, pulleys, and other parts of mechanical models where strength 
was not much required. , Hence arose various devices for moulding 
different forms, a matter that caused me very little trouble, for by some 
intuitive instinct modelling came to me unsought and unstudied. Often 
during my evening walks round the fields, with a favourite dog, I 
would take a small lump of yellow clay from the roadside, and fashion 
it into some grotesque head or natural object, from which I would 
afterwards make a mould and east it in type-metal. 

■ In this quiet village' life there was a break every two months, 
when the large meitingyfuniace was used to make type-metal, in which 
proceeding a great secret was involved. In spite of injunctions to the 
contrary, I would, by some means or other, find my way into the 
melting-house, where large masses of antimony were broken up to form 
the alloy with lead. The dust arising from the .powdered antimony, 
on more that one occasion, caused me severe sickness, and betrayed my 
elandestme visits to the meltmg-house, where I discovered that- the 
addition of tin and copper, in small quantities, to the ordinaly alloy, 
was the- secret by which my father’s type lasted so much longer than 
that produced by otli,er typefounders. 

There was, however, one other attraction in the village, which played 
a not-uuimportant part in moulding my ideas at this very early period. 
I was very fond of machinery, and of watching it when in motion : and 
if ever I was absent’ from meals, I could probably have been found at 
the flout mill at the other end of the village, when; I passed mimy 


hours, ga 



wondors of the millwright's craft in those clays. Its massive oak shaft" 
mid polished hom-bemn coys have long since passed away, and yielded 
to their successor, cast iron, which in its turn is now being rapidly 
replaced by the stronger metal, steel, thus keeping up that over-changing .> 
cycle of advancement in the arts which is carrying us forward to- 
discovcrios that may change every phase of civilised life, if the exhaustion 
of our con) does not land us again into a state of barbarism. 

I had now arrived at my seventeenth year, and had attained ray 
full height, a fraction over six feet. I was well endowed with youthful 
energy, and was of an extremely sanguine temperament. At this period 
of life all things seem possible if you have once made up your mind to 
conquer, and not to allow any temporary disappointments to weaken 
your resolution., The opportunity to put tins beautiful theory to the 
proof was about to be afforded to me, for my father had resolved to 
remove his business to London, when I should have to change ray 
solitary country life, which had so many irresistible charms, for a totally 
different one. I should see for the first time the great metropolis, about 
which I had heard so much but .knew so little. 

On March 4th, 1830, I arrived in London, where a new world seemed 
opened to me. I '-was overwhelmed with wonder and astonishment; all 
the ideal scenes in the “Arabian Nights,” which had held me spellbound 
in my native village, were as nothing to the ceaseless panorama which 
London presented, with its thousands of vehicles and pedestrians, its 
gorgeous shops and stately buildings, and its endless miles of streets 
and numerous squares. I was never tired of walking about, for every 
turn presented some new object to rivet my attention ; and iu this way 
I passed my first week’s residence in London. I usually returned home 
in the evening, greatly tired, and worn out, only to go forth on the 
morrow to make now explorations and again lose myself in those endless 
labyrinths of streets; and yet, with all the delight inspired by the 
novelty of the scene, there was 011c thing strange to me, and fadly 
wanting. I felt that I was alone; no one knew me. I never met, in 
all this cxcitod rush, one human countenance that I could recognise, or 
a friendly face to smile and give a passing salutation as in my old 
homo : where the little children on their way to school would drop a 








ART CASTINGS 1] 

and failures in these attempts, but after a time I made more suitable 
solutions, and found out how to cleanse the surfaces of the delicate 
objects without injuring them ; and finally T succeeded in getting a 
beautiful thin coating of copper on every part of the surface. The 
castings wore simply .laid on the bottom of a shallow zinc tray, and a 
saturated solution of sulphate and of nitrate of copper, in certain 
proportions, was poured into the hath, which resulted in producing a thin 
coating of bright metallic copper over the entire surface of the castings, 
so that no suspicion could be entertained as to the metal of which they 
were really formed. In the case of medallions T sometimes put into the 
solution some crystals of distilled verdigris, which produced a good 
imitation of antique bronze. Several specimens of these bronzed medals 
and copper-coated castings of natural objects were exhibited by me at 
. Tophss Museum of Arts and Manufactures, which at that time occupied 
the present site of tire National Gallery in Trafalgar Square. Among the 
things I exhibited there were a basso-relievo of one of the cartoons of 
Raphael, a large medallion head of St. Peter, and several smaller casts 
of medals. I also exhibited a group of three prawns lying on a large 
grape-vine leaf, a 'moss-rose bud with leaves, and a beautiful piece of 
Scotch kale, the intricate convolutions of which appeared to all who saw 
it a thing impossible either to mould or cast, but which was nevertheless 
a comparatively easy one, because this vegetable leaf is very thick and 
succulent, and consequently leaves scarcely any ash m the mould when 

I may mention that various devices were tried to get rid of the fine 
ash resulting from the burned vegetable matter. 

and into th»«® a blast of air was blown to assist the combustion and 
destruction of ihe vegetable matter while still in a red-hot state. At 
other times the mould; when cooled down, was filled with a strong solution . 
of nitre,* which saturated the dried vegetable matter. The remainder 
of the fluid was then poured out and the mould again made ivd-hot, when 
the nitre, causing complete combustion, reduced the contents to a fine 
white ash. When the mould bad again cooled down, the ash so 
formed was floated out of if, by pouring mommy in and well shaking it. 






blaster, place the dehcate fungus, lichen, or other 
of the box, and pour in the semi-fluid mixture, 
,ly tapping its sides, and bottom to ensure the 
matter jnto every interstice, of the specimen, 
f an hour, he \yould And in his fragile little box 
in which the specimen would be safely embedded, 


























yf ' About the year 1836 I made the acquaintance of Dr. Die, author 
^ pf the well-known Dictionary of Arts, Manufactures, and Mining, and of 
him I can only speak with affectionate regard. I had sought his assistance 
.. in some analyses, and after several interesting interviews he furnished 
me with the information I desired, and seemed to take so much interest 
in me that I was induced to give him a short sketch of my isolated country 
life. I described to him my love of experiments in easting, and how I made 
use of the continued statical pressure of a high column of metal, retained 
in a fluid state for a considerable time, in a red-hot mould. He was 
'" - much interested in my founding operations, and generously declined to 
take any fee for the analysis he had matte for me, saying, if I wanted 
any further analyses he would be happy to do them for me. Heedless 
to say how pleased and grateful I felt for his disinterested kindness, 
and the encouragement which his appreciation gave me. 

With the exception of three or four samples still remaining in my 
possession,- all these beautiful eastings have been sold or given away many 

Among those I still have is one o£ the cartoons of Raphael, repre¬ 
senting the “ Woman taken in Adyltery,” a plaster-of-Paris copy of which 
I bought for a few pence from an itinerant Italian. It was fairly sharp 
and perfect in detail, and I planed some strips of type-metal into an 
ornamental moulding, so as to form a ■ frame around it. I then mado 
a mould from it as framed, and took a. cast in a white metal alloy, which 
I afterwards coated with a thin film of copper, in the manner already 
described. 

Ifeai^estgin^ mueh_ the same condition as it was when cast, with the 
exception of the Toss of the more prominent features, caused by the 
continued rubbing and dusting of the -housejnaid—or rather, I may say, 
of a succession of housemaids, who during the last sixty-four years have 
gradually wiped away, hot only the copper him from the projecting parts, 
but a noticeable quantity also of the soft metal of which it is made : as will 
be at once seen on examimncr the photographic reproduction, Fig. 1, 
Plate I., which is a full-sized representation of it. 

I also give, in Fig. 2, Plate II., a copy of an oval medallion, the 










“LOST wax” castings 15 

of Birmingham, to whose joint labours wo owe the practical development 
of the beautiful art of Electro-Metallurgy, to which I had “approached 
within measurable distance," but of which I .had nevertheless failed to 
recognise the full importance, excepting as a means of producing artificial 
bronzes by coating the cheaper white metal castings, as is now largely 
practised in France, in imitation of bronze for clocks, etc. In order that 
there shall be no misapprehension-as to what Dr. Ure has said on the 
subject, I give on the opposite page a photographic reproduction of the 
upper part of page 629 (Electro-Metallurgy),.in the Fourth Edition of his 
Dictionary, published by Longman, Brown, Green and Longman, the 
title-page of which bears date 1853. This extract clearly shows that 
I practised the art of depositing copper from an acid solution of that 
metal on the surface of ornamental castings, several years before we had 
any known or published account of that process. 

It is quite true, as the Doctor states, that I kept some of these 
medallions as ornaments on my mantel-piece, where three of them may 
be found at this very day; but Dr. Ure appears to have forgotten, or 
possibly was unaware of tho existence. of, the beautiful specimens of 
natural objects cast ill white metal- and coated with copper, which I 
exhibited in Trafalgar' Square, and afterwards in Leicester Square, 
and which had the effect of bringing me in contact with several large 
business firms, and in one case resulted in the development of an entirely 
new and important branch of the Utrecht velvet manufacture, to which 
I shall have occasion hereafter to refer. 

There is yet another description of casting known as the “lost wax ” 
procfe^shicliwas at that time practised in Franco; and I was anxious, 
if possible, to a&jajfT this ait, as it seemed to otter greater facility for 
obtaining white metal casts of busts and statuettes from wax models that 
were cast in plaster-of-Paris moulds.' To the metal easting so obtained, 
the appearance of real bronze could bo imparted by depositing a green 
copper coating 'thereon. By doing this the “ lost wax ” process need 
not have been confined, as it then was, tel the production of original works 
of art modelled in wax ; ami the effect would have been to immensely 
facilitate the multiplication of copies of tile highest examples of classic 
art, by simply obtaining thin wax oasts of them, m lieu ol the plaster 










m> ni to produce great hardness,' while absolutely free from brittleness,. . 
ami in this milliner to obtain an alloy that would melt at a comparatively^. - 
low temperature, and run very fluid in the mould. All of these conditions 
to their fullest extent could not he combined in any one alloy ; but after 
a few months expended ill malting a systematic series ot experiments, I 
succeeded in obtaining a die metal that pretty closely approximated to 
all the desired requirements, and I also found a “ facing ” for the moulds, 
which stood the heat of these hard alloys without suffering any destructive 
action or the formation of surface cracks. I could tuns form moulds 
capable of taking an impression of the finest and most delicate lines, 
and 111 these I succeeded in casting many works of art in brass. 

After a certain • amount of practice, I produced a great many very 
beautiful dies, from which thousands of fine sharp impressions were made. 

I erected a powerful “fly-press” for stamping impressions from these 
dies, and thus achieved what was in reality my first commercial work. 

It will be easy to imagine my delight on securing a first order for 
500 copies on buff-coloured cardboard of a beautiful basso-relievo of 
one of the cartoons of Raphael, from Messrs. Ackerman, the well-known 
art publishers. These impressions cost me only threepence each, including 
the material, and I found a ready sale for them at half-a-crown, when 
taken in wholesale quantities. They must still exist in many families, 
for hundreds were stamped in leather on the covers of a beautifully got- 





After providing myself with a suitable press and experimenting with 
different forms of cutting punches, I decided on a plan. Having worked 
for some months, making lone- clays which not unfrequently extended 
to the early hours of the morning, the task was finished, and X prepared 
some specimens to take with me to Somerset House. 

With the idea of showing that there was no escape from the adoption 
of nvy new plan, I thought it advisable to make a die from a genuine 
Government stamp. For this purpose,' I obtained a dozen ordinary 
embossed bill stamps, and from one of them made a die, and stamped 
about as many impressions, with it as I had real stamps. In order that 
I might be able to prove that these were forged ones, I stamped the 
impressions on a large sheet of paper, and then cut out a slip from it 
with a slightly indented edge, but otherwise of the same form and size 
as those I had purchased. I may mention that the Stamp Office presses ' 
were so constructed that they could not put a stamp in the middle of 
a large sheet of paper, and hence I was enabled to prove ■ that these 
particular stamps, with their slightly-indented edges, did not emanate 
from the Stamp Office. I made up a small parcel containing six genuine 
stamps and six of those I hacl myself made, and also the sheets of 
paper from the centre of which they had been out. With these I also 
enclosed a few impressions of my new parchment stamp. The old form 
of Government stamps is illustrated in Fig. 4, Plate III., while Fig. 5 
illustrates my perforated stamp. Below is shown a system introduced a 
few years ago for cancelling cheques and other documents. 

Full of hope and high expectation, I started off one rnormryq^ly^eall 
on Sir Charles Presley, the then President of thr&Kmfrt&«n I had, 
up to this moment, kept all my plans and what. I was doing a profound 
secret. The whole affair seemed to my overwrought imagination almost 
like a skilful plot, such as we see depicted on the stage or read of in 
a sensational novel; and 1 had, like the hero of the piece, only to walk 
into Somerset House and accept unconditional surrender. 

On my way to the scene of my intended conquest I passed up 
Farringdon Street, and went into a fruiterer’s shop at the corner of the 
New Market to buy an orange. How vividly I still remember this trifling 





my day-dream came to an end, for just as I approached Temple Bar 
I discovered that I was not in possession of my parcel of stamps. I was 
staggered for a moment, and a cold perspiration seemed to break out 
all over me. I felt faint and alarmed, for in a second I began to fully 
realise the fact that I had actually been possessed of forged stamps, 
and had left them on the counter, of tile shop where I had bought the 
orange. The little paper parcel was not. sealed. What if curiosity had 
caused it to be looked into and handed over to the police? It was 
hut a momentary hesitation, for I knew well that I was innocent of 
all intentional wrong, though perhaps not technically so, and I hastened 
hack with all speed to the fruiterer’s shop. 

“Did you,” I asked, “see a small parcel left here by me half an 
hour ago ? ” 

“Oh, yes, sir,” was the reply. “I put it on the shelf, thinking 
you would come back for it.” 

How gladly 'i once more grasped it, and felt that I was now safe, 
even from a momentary suspicion. I own that I was a little crestfallen 
and unnerved ; but a sharp walk soon restored my confidence, and I entered 
Somerset House with a firm step and-full faith that I should succeed 
in my mission. I was admitted into the private office of Sir Charles 
Presley, and said that I desired him to tell me if a dozen receipt stamp's, 
which I handed him, were genuine. He looked at them attentively with 
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I need not say how anxious 1 was to receive a reply from Lord 
Beaconsfiefi! tB -this^rather bold assertion of my claims on tile Govern¬ 
ment, but I felt well assured that every enquiry among the still existing 
officials at Somerset House could not fail in establishing the justice ot 
my demands. These printed letters to Her Majesty’s Cabinet Ministers 
were posted on May 5th, 1879, and were most courteously acknowledged, 
and resulted in an investigation being instituted. On May 29th, 1 was 
honoured by an autograph reply from Lord Beucunstield, of which a 
photographic copy is here given (Fig. 6, Plato IV.); and which clearly 
shows that both he and his colleagues were not only satisfied of the 



truth of the charges I had made, but were honourable enough to 
offer such compensation as they had in their power to bestow, and 
which I cordially accepted as a full acknowledgment of the services 
rendered. The form taken was the more satisfactory to me, inasmuch 
as it was a reward in which Mrs. Bessemer would take an equal share 
with myself, as she had already done in the' invention which had been 
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Just before I had embarked on' my luckless Stamp Office enterprise, 

J become aware of some curious facts relative to the manufacture of 
black lead pencils. Tile only mine in Great Britain which yields 
plumbago, or black lead as it is called, suitable for pencil-making, is 1 
situated in one of the mountains at Borrowdale, in Cumberland, and is 
about 1000 ft. deep. This rare and very valuable mineral substance 
became the subject of continued robbery about one hundred and forty 
years ago, and is said to have enriched many persons resident in the 
neighbourhood. It was- strongly guarded by the proprietors, but they 
were more than once overpowered by an infuriated mob, and possession 
of the mines was held for a considerable time by the desperadoes. 
When the owners again got possession, their carts, which conveyed the. 
produce of the mine to Keswick, were always guarded by soldiers. 

The entrance to the mine was afterwards protected by a strong . 
building. consisting of a well-appointed guard room and three other 
apartments on the ground floor, in one of which was an opening into the 
mine, secured by a trap-door, through which alone the miners could enter. 
In another of these apartments, called. the dressing-room, the miners ‘ 
changed tlieir ordinary clothes for a working dress, and after six hours’ 
work in the mine they had again to change their dress under inspection, 
lest some of this valuable substance might be concealed about them. 

The plumbago, when perfectly cleaned, was packed up in casks and 
despatched to London, and there disposed of at monthly sales by auction, 
at the offices of the proprietors, in Thames Street, where it realised 
from thirty-five to forty-five shillings per pound, the annual sales ranging 
in value from .£30,000 to £40,000 sterling. . ,, 

Plumbago is found m small irregular nodules Imout the size and 
shape of a potato, and 'consists of carbon in a peculiar , state. of 
aggregation, with a small impregnation of iron. 

The trade in pencil-making at the time of which I am speaking— 
about 1838—was chiefly in the hands of the Jews, and one important 
branch of it consisted m sawing these little nodules of plumbago into 
slices of about one-sixteenth of an inch in thickness. This art- of sawing 
the plumbago was a most difficult one to acquire, and hitherto all efforts, 
to replace hand labour by machinery had failed; lienoe it remained a 
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-p!v' monopoly in the hands of the Jewish workmen, who were paid as much 
fry. as a guinea per pound for sawing the material. The difficulty of cutting 
it into shoes without breaking them was very great, while the rounded 
shape of the nodules and their slippery surface rendered it most trouble- 
■ some to hold them firmly during the sawing operation; moreover, the 
thin slices .thus obtained were so brittle as to be easily broken by the 
accumulation of sawdust in the' bottom of the saw-out. Another difficulty 
arose from the presence of minute sparks of black diamond dispersed here 
and there throughout the mass; whenever the saw struck against one 
of them the slice was broken. The band-saw used by the workmen had 
what is called a “wide-set”; that is, the-teeth were bent right and left 
so as to well relieve it from the pressure of accumulated sawdust; the 
consequence being that the saw-cut' was nearly as wide as the slice of 
plumbago produced, and hence each pound was reduced to about nine 
ounces of slices and seven ounces of dust. The result was that the 
price of the slices, augmented by twenty shillings for the labour 
of sawing,, was brought up in value from about forty shillings to nearly 
£4 10s. per pound. 

On enquiry into this matter,' I found that X could purchase the 
sawdust for about half-a-crowu per pound. These facts held out promises 
of a very profitable manufacture, if I could only succeed either in 
making a sawing-machine that would be less wasteful of the material, 
or in finding some means of consolidating this large quantity of dust, 
without such an admixture of extraneous matter as would prevent its 
being used in the manufacture of the best pencils. 

I first,tried the sawing-machine, which I constructed with great 
care. The. prinoipaT 1 features of novelty in this machine related to the 
saws ; these were made from the. main-springs of watches which had' 
been broken while in use ; they were extremely thin, and of a beauti¬ 
fully fine quality of steel. The “set” on the tooth was made especially 
small, and consequently the saw-cut was so narrow as to waste only a 
very little of the material in the form of dust. I entirely avoided the 
clogging of the saw in these narrow outs, and the consequent splitting-off 
of the slice, by putting the teeth of the saw uppermost, and bringing 
the piece of blacklead to be out downward upon it by the slow motion 






fitted, and o allows a recessed plate of iron on which the cylinder rests. 
The powder to be pressed is shown at d ; in this state the apparatus 
was placed in a furnace and heated to redness, after which it was 
removed to the hydraulic press, and the plunger forced down with a 
pressure of about five tons to the square .inch ; the pressure being con¬ 
tinued until the whole had cooled down, and the powder had formed 
into a solid mass. The cylinder was then placed over .a hollow block of 
iron as showii at b, in Fig. 8, when pressure was again applied to the 
plunger and the cylindrical mass of plumbago was forced out, after 
which it was found to he in every way statable for making the very 
best, lead pencils. - 

A young friend of mine to whom.! showed some of this compressed 



plumbago, offered to purchase the invention, at the same time saying that 
he could not risk more than ,£200 on the venture ; I, remembering the 
rebuff with the sawing-machine, accepted his offer without further con¬ 
sideration ;, my friend then went off to Cumberland, and made arrange¬ 
ments with the 'Ffambago Company. At the present day we find 
that the best lead pencils in the market are made by crushing the 
• small lumps and odd pieces of plumbago, then washing and floating the 
powder, by that means getting entirely rid of the little black diamonds, 
and producing various grades of hardness by different degrees of heat 

I fear this little episode does not speak veiy favourably for my 
business capacity in those early days, for I certainly ought to have made 
much more tlian I did by tins really important invention. 




When I was experimenting with plumbago (about 18S8) I was engaged 
in designing a new system, of casting types by machinery, some features 
of which are of sufficient interest to be recorded. The moulds in this, 
machine were entirely composed of hardened and tempered steel, 
shaped by laps, as the metal could be neither planed nor filed. From 
fifty-fire to sixty types were east per minute in each of the two com¬ 
partments of the mould ; and in order that the solidification of the 
metal should take place in the extremely small interval of time allowed 
for that purpose, the moulds were cooled by a constant flow of cold 
water through suitable passages made in them, in close proximity to 
those parts where the fluid metal came in contact. Another special 
feature of this mode of easting was the employment of a force pump 
placed within the* bath of melted metal, by means of which the latter 
was injected into the mould at the proper moment, the pressure of the 
. injected fluid being under the perfect control of a loaded valve. It will 
be readily understood that a sharp jet of fluid metal would propel with 
it an induced current of air, and consequently produce a bubbly and 
spongy easting, which would have been wholly valueless. The short 
space of time occupied in its solidification afforded no opportunity for 
the escape of air in the usual way by floating in bubbles upward, as in 
the ease of eastings where the metal is retained in its molten state in 
the mould for several minutes, 

I found an absolute cure for this apparently insuperable difficulty, 
by forming a vacuum in the mould at the very instant at which the 
injection of metal took place ; and so successful was this system 
of exhausting the moulds, that one might hrpak a hundred types in 
succession without finding a, single blowhole in any^cSe At' them. 

The iron or brass founder, whose slow and tedious operations are 
pel-formed by quietly pouring- his molten metal into the mould with a 
■ ladle, will at once see what a new departure ‘ in the art of founding 
this machine presented. Firstly, there was the same mould producing 
fifty-five to sixty eastings per minute, instead of being broken up and 
destroyed after one cast: then pouring the metal from a' ladle was 
replaced by injecting it with a force-pump, the mould itself having a 
continuous stream of cold water running through suitable passages 
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formed in it so as to coo) every part of its surface in contact with 
the fluid metal; and, finally, 'instead of the mould being composed 
of porous materials through which the confined air gradually escaped, 
there was an almost indestructible mould, wholly free from pores, from 
which .all the contained air was withdrawn in the fraction of a second 
'by its sudden connection with an exhausted vessel at the moment when 
the metal was injected. 

.The valve through, which the metal was injected into the mould 
being extremely small, required to be fitted very closely to prevent 
its leaking; it was found tliat after it hjid been opened and closed 
some six or seven thousand times, a portion of the fluid metal would, 
by friction against the sides of the valve, be rubbed into powder,' and 
more or less obstruct its action. Otherwise, the really beautiful mechanism 
of this casting machine- performed all its functions with perfect precision, 
and formed the bodies of the type so' parallel and so perfect in other 
respects, that it soon began to create much jealous feeling and opposition 
among' the type-founders, whose occupation was threatened by it. For 
tliis reason, Messrs. Wilson, the well-known type-founders, of Edinburgh, 
to whom I had sold my invention,■ preferred to make no further efforts 
to improve the valve arrangements, and allowed the whole matter to 
sink quietly into oblivion rather than face the .storm they saw was 

About this .period my attention was directed to the art of engiue- 
tuming, which was a very ‘ profitable one to the few who had sufficient 
originality of thought to work out those marvellous combinations of 
interlacing lines, sucli ae,<we see at the present time on the coupons 
of many foreign bonds. I was a most enthusiastic admirer of these 
productions, especially those of that greatest of all engine-turners, 
Jacob Perkins, the well-known American engineer. I felt certain that 
I could employ one of those beautiful machines to advantage, and I 
was fortunate enough to purchase a very good one for £65. 

How weir I remember its being delivered , at my premised one 
afternoon ; I had it placed ill my private oilicc, close to the window. 
I knew pretty well nearly every detail of its construction, but I 
commenced by taking it all to pieces, the bettor to impress my mind 








the peculiar property of passing from the fluid to the solid .state .so 
slowly that it may be used at an intermediate stage, when it is neither 
liquid nor solid; in this state it lends itself admirably to the formation 
of what are called “forcers,” used in embossing leather or cards. This 
raised impression, or “ forcer,” is made by pouring the melted alloy into 
an open frame laid on the edges of the die; when the metal 
has attained a state of partial solidification, a beautiful impression of 
the die may be obtained by gentle pressure, and the alloy, when quite 
cold, is hard enough to stand tire wear and tear of stamping in a 
most remarkable manner. The sale of these alloys to the trade was a 
welcome source of profit to me, and by no one was their usefulness 
more appreciated' than by the late Mr. Thomas De la Rue, the talented 
founder of that well-known firm of fancy stationers,, .whom I had the 
' advantage of knowing intimately and numbering among my best 

Thus, one branch of trade seemed to lead imperceptibly to 
another; but I was always waiting and looking forward to the establish¬ 
ment of the one large and steady branch of business that I hoped would 
some day allow me to drop the many schemes which my versatile mind 
so easily created, seised upon, and engrafted on the business I was 
carrying on; but this one great branch of trade, so earnestly desired, 
had not yet manifested itself. X was accordingly content in the mean¬ 
time to hold on to everything that fairly paid for the time and capital 
employed in its production. 

My life at this time was pretty much one of hard work and 
steady attention to business, from which I could only snatch short 
intervals. Late ih ths evening I would drop in and have a chat witli 
my father, then .advanced in years, but ever anxious to hear of my 
progress, and desirous to see the latest specimens of Rose engine work, 
or to discuss with me some of the many new schemes that occupied 
my thoughts. At that time my two sisters kept house icr uiv uuucr, 
and in this little family circle I spent many a quiet evening. There 
was another house, however, to which my steps were involuntarily wont 
to lead me. My friend, Mr. Richard Allen, had a fair daughter, to 
whom I had for some time been engaged; thus, between the tv 
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" P»rt of a page is set up, when he moves on the galley e, shown at his 
left hand. Thus a page or a long column of matter was produced with 
the greatest ease, and in a very short space of time. 

In the ordinary-way oi composing types, each letter is picked up 
■ by hand- from one of the numerous small divisions of a shallow box, or 
“ease,” as it is called, aud the letters are then arranged in their right 
positions in' a small frame held in the left hand of the compositor. 
About 1700 or 1800 letters per hour can be formed into lines and 
columns by a dexterous compositor, while as many as 6000 types per 
hour could be set by the composing machine.. A young lady in the office 
of the Family Herald undertook the following task at the suggestion 







it upon for years, without the pile being 



..Covered with it, 

I provided myself with a flat brass die, o 
a quarter of an inch deep, each of the parts s 
sides and a flat bottom, so that the pile at 
wholly untouched by the die, and therefore in its i 
those parts which came in contact with tire plate 
All this was perfect enough, as far as it went; 
failed to produce a permanent effect, for in two 
pile so pressed down would partially rise again 
almost disappear. . Many things were tried, but m 
steaming, nor the application of alkaline solutions, w 

been in dealing with this material. Further consideration, however, 
and a little study of the nature and properties of hair and wool, led to 
the idea that these substances were really of the nature of horn ; and 
this material, I knew, was capable of semi-fusion at high temperature, 
and was, in that condition, suitable for being moulded into various 
ornamental shapes, which permanently retained, when cold, the forms 
thus impressed upon them in a heated state. I now felt that I was 
on the right scent, and believed that if I could rapidly submit the 
material to a very high temperature, and then move it away as quickly, 
a partial fusion.of the part in contact with the hot surface of the die 
would take place, and produce a glossy surface like satin, which would 
never again stand up as pile. 

' I had no sooner got this view of the subject tl I o 1 
put it to a practical test. The result went to show that uy uiuiiitamm-r 
the metal surface, which was in contact with -tl c v 1 11 

temperature for a short and definite period, ala 1 e II 

regulated, amount of pressure, the process could he made a perfect 
success. These experiments also proved that the temperature must ue 
so high as to produce, a semi-fusion of the 1 1 1 f d 

for a fraction of a niinnto too long the fabric would be destroyed. 
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that twenty years after would be found in much the same condition, 
^.'i .desa the amount of wear and tear- to which it had been subjected. 

The first practical working of this new process was upon a beautiful 
' design,, for which Messrs. Pratt had obtained an order for furnishing a 
suite of apartments at Windsor Castle, so that the new material, under 
so favourable an introduction, was' certain to become fashionable. 

- In those palmy days of Utrecht velvet embossing, I was paid six 
shillings a yard for putting fabric through the rolls; but. gradually this 
very high price was reduced, and when it came down to a shilling per 
yard immense quantities were embossed. Prices were still on the decline, 
when my machines and the stock of engraved rollers were purchased from 
me by Messrs. Gillett, Lees and Company, the well-known Utrecht velvet 
1 weavers of Banbury. A general taste for this material soon afterwards 
set in ; prices for embossing were lowered ultimately to one penny per 
yard/and many persons may still remember, some forty years ago, seeing 
the cushions of cabs and omnibuses covered with this decorative fabric. 
It is curious that the present fashion for antiquated furniture has again 
brought it into use, and it may now' be seen in many of the best houses. 

The original specimen of figured Genoa Velvet brought me by 
Mr. Pratt had what is called a narrow edging of “ Terry,” or uncut velvet, 
forming a series of little ribs which surrounded each leaf or scroll in the 
design, and made a sort of natural shading between the dark untouched 
pile of velvet, and the bright and satiny' pressed-down surface of the 
ground on which the design was formed. A very beautiful specimen 
' of my imitation of this “ Terry” edging came into the possession of my' 
niece, Mrs. Ada Allen, of Wingerworth Hall, and this she kindly- 
presented to mo; it .has some historic interest, being the design of 
Mr. Pugin for covering the benches in the House of Lords ; the roller 
was engraved by’ myself and it was the first attempt to produce an 
imitation of the “ Terny ’’ edging in this new fabric. A photographic 
reproduction of this old specimen is given in Fig. 15, Plate VII., and it 
shows that after the many years’ use of the fabric the design still 
retains marked tracing of the “ Terry” edging. 

Iu the early part of these pages, 1 referred to the fact that the 




•• mist of ages,” but here we have an example of one that has passed ! 
out of memory whilst its originator is still living: for I venture to say - . 
that few indeed of the thousands who daily lounge m their easy chairs, 
on embossed Utrecht velvet would ever suspect that this material issued 
from the same room in “ Baxter House ” in which all my first steel 
experiments were made ; and that the same hand which regulated and 
controlled the fiery steel converter also drew the first few hundred yards 
of that very ’beautiful material through the rolls. 



CHAPTER V 


THE ■ MANUFACTURE ■ OF BRONZE POWDER 

."lyTY eldest sister was a very clever painter in water colours, and in 
her early life, in the little village bf Charlton, she had ample 
opportunities of indulging her taste for flower-painting. My father had 
lived too long in Holland not to have imbibed a love of the beautiful 
Dutch tulips, for which there was a great rage in hit' young days, so 
much so, indeed, that a single bulb would sometimes realise a fabulous 
price. At Charlton, my father grew his beloved tulips, and my sister 
used to paint all the finest specimens he produced. I also well remember 
the many beautifully-coloured chrysanthemums we there cultivated, 
although none of the magnificent varieties since introduced from Japan were 
then known. My sister had accumulated a great collection of charming 
groups of these and other flowers, and had, with much ingenuity made 
a most tastefully-decorated portfolio for their reception. She wished to 
have the words— 

STUDIES OE FLOWERS 
FROM NATURE, 

mSS BESSEMER, 

written in bold printing’letters within a wreath of acorns and oak leaves 
which she had painted on the outside of the portfolio; as I was 
somewhat of an expert in writing ornamental characters, she asked me 
to do this for her, and handed me the portfolio to take home with me 
for that purposed 

How trivial and how very unimportant this incident must appear 
to my readers. It was, nevertheless, fraught with the most momentous 
consequences to me; in fact, it changed the whole current, of my life, 
and rendered possible that still greater change which the iron and steel 



industry of the world 1ms undergone, and with it the fortunes of hundreds', 
of persons who have been directly, or indirectly, affected by it. ' , 

The portfolio was so prettily finished that I did not like to write 
the desired inscription in common ink ; and as I had seen,’ on one occasion, •, 
some gold powder used by japonners, it struck me that this would be 
a very appropriate material for the lettering I had undertaken. 

How distinctly I remember gomsr to the shop of a Mr. Clark, a 
oolourman in St. Jokn Street, Clerkenwell, to purchase this “ Gold . 
Powder.” He showed me samples of two colours, which I approved. 
The material was not called <“ gold," but “ bronze ” powder, and I ordered 
an ounce of each shade of colour, for which I was to call on the following 
day. I did so. and was greatly astonished to find that I had to pay . 
seven shilling's per ounce for it. 

On my way home, I could not help asking myself, over and over 
again, “How can this simple metallic powder cost so much money?” 
for there cannot be gold enough in it, even at that price, to give it this 
beautiful rich colour. It is, probably, only a better sort of brass; and 
for brass in almost any conceivable form, seven shillings per ounce is a 

I hurried home, and submitted a portion of both samples to the action 
of dilute sulphuric acid, and satisfied myself that no gold was present. 

I still remember with what impatience I watched the solution of the 
powder, ancl how forcibly I was struck with the immense advantage it 
offered as a manufacture, if skilled labour could be superseded by steam 
power. Here was powdered brass selling retail at £o 12s. per pound, 
while tile raw material from which it was made cost probably no more than 
sixpence. “ It must, surely,” I thought, “ be made slowly and laboriously, 
by some old-fashioned hand process ; and if sc., it offers a splendid oppor¬ 
tunity for any mechanic who can devise a machine capable of producing 
it simply by power.” 

I adopted this view of the case with that eagerness for novel 
inventions which my surroundings had so strongly favoured, and I plunged 
headlong into this new and deeply-interesting subject. 

At first, I endeavoured to ascertain how the powder was then made, 
but no one could tell me. At last 1 found that it was made chiefly at . 




























long conversation, which terminated in an offer to give me .£500 per 
annum for the sole use of the machinery I had invented. This proposal 
I could not for a moment entertain, for I could no longer doubt that 
my new mode of- producing bronze powder was destined to be a great 
commercial success. 

As X have already explained, I had become intimately acquainted 
with Mr. Young, tile' inventor of the type-composing machine. I told 
him all that I had achieved, and showed him some of the powder 
I had produced. He was of ^opinion that I ought to build' a large 
works, and make bronze powder for “all the world." Then arose 
the question of capital, and this he proposed to supply, and to 
share with me the profits of the venture, an offer which X eventually 
accepted; hut we had several knotty points to settle before a single 
step could be taken. Up to tins juncture the details of my invention 
and the nature of the several machines used in the process were an 
absolute secret, and I feared to patent these inventions : firstly, because 
they might be modified or improved by others, but chiefly because 
secret machinery could he erected abroad, and. the article smuggled 
into this country without fear of detection, because powder cannot be 
identified as having been made by any special machinery. Thus, a patent 
would have afforded no protection whatever to me. .Then came the 
difficult question of continued secrecy; there were powerful machines 
of many tons in weight to be made ; some of them were necessarily very 
complicated, and somebody must know for whom they were. Also the 
people who tended the machine must know all about it; and X had 
still to liml out how all the various alloys were made, and the way in 
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which such varied colours as ■ the trade required were 

result of a review of all these difficulties was this :_ 

Firstly, We both agreed that if brass were still to be sold at a 
higher price than silver, it would be impossible for us to maintain this 
price if all the details of my system were shown and described in a 
patent blue-book, which anyone could buy for sixpence. This fact 
' absolutely decided me not to patent the invention. 

. Secondly, how could we trust workpeople who could have a thousand 
pounds or sp given them at any time for an hour or two’s talk with a 
rival manufacturer? This difficulty we proposed to meet by engaging, 
at high salaries, my wife’s three young brothers, on whom we felt we 
could entirely rely ; so this point was satisfactorily arranged* 

Thirdly, how about making these massive machines ? What 
engineers could we trust ?—for any engineer must have such work done 
in his workshops open to the eyes of all his men. 

Fortunately, here I was enabled to step in. I could undertake 
personally to make, not only all the general plans, but also each of the 
working drawings, to a large scale, for each of the machines required ; 
and when I had thus devised and settled every machine as a whole, I 
undertook to dissect it and make separate drawings of each part, 
accurately figured for dimensions, and to take these separate parts of the 
several machines and get them made: some in Manchester, some in 
Glasgow, some in Liverpool, and some in London, so that no engineer 
could ever guess what these parts of machines were intended to be 
used for. Of course, I was able to undertake the proper fitting- 
together of all these detached parts after they had arrived in London. 

All this was plain .wiling, but it in lposed ' "'''"'culty. 

I proposed to do the work of seventy or eighty men, and I wanted tills 
carried out by my three relatives without much labour or trouble to any 
of them. It simply meant this : I must design each class of machine 
to be what is called a “ self-acting machine ” ; that is, a machine that 
could take care of itself; and when a certain iiuamnv 01 raw material 
had Seen put in place it must deal with it without a skilled attendant, do 
its appointed work with unerring certainty, and throw itself' out of gear 







If not with a light heart, at least with a stolid and unflinching 
resolution, I applied myself to the task thus deliberately self-imposed. 
Firstly, I had to reconsider all my rough plans; I had to arrange every 
detail of the six different classes of machines necessary to prepare, to 
manufacture, and to polish and colour the bronze; all had to be 
made automatic and self-controlling ; and - when all these details 
had been arranged from hand sketches and figured dimensions, the 
labour of making the different working drawings of each machine 
to an accurate scale, was- begun. I had, of course, to make all 
the necessary calculations of the strength requisite in the parts 
subjected to strain ; of the best speed of working each machine 

each of the six machines had to be estimated, so the.t each one could 
do its part in the day’s production, neither lagging behind nor doing 
too much. This furnished me with laborious work at the drawing- 
board for several months; and when all was done, each of the machines 
had to be dissected, and I had to commence, making complete—nay, 
even elaborate—drawings, in detail, of $very different piece required in 
' in each of these varied machines, and to so divide the work between 
several engineers resident in different towns' that each had certain shaped 
pieces to. make which he supposed were individual parts of one machine, 
whereas .they were separate sections of several different machines, all 
drawn to the same scale, and sometimes represented on the same sheet 
of drawings. Elaborate specifications were thus rendered necessary, 
because neither master nor workman could use his judgment; as he would 
have done in the execution of any machine for a known and well- 
understood purpose, tbp full details of which are usually embodied in a 
complete drawing of the whole. 

After much personal labour and study, this part of the undertaking 
was accomplished, and the making of all the machines was commenced. 
Meanwhile, I sought for quiet, unobtrusive premises, with sufficient land 
to build a factory and engine-house, and on which there was also a 
dwelling-house for myself and family: for such premises must not be left 
unguarded either by day or night. In tho quiet, suburb of St. Pancras 



having a large garden in the rear. Such was old "Baxter House,” the 
manufactures. 

The ground for the factory having been chosen, and a long lease 
of tlie premises obtained, I had next to plan the necessary buildings. 
One or two cardinal points were first determined. A substantial wall 
was to separate tbe engine- and boiler-house from the factory proper, 
into which the engine-driver could have no access or connection what¬ 
ever, except in so for that the shafting from the 20 horse-power engine 
passed through a stuffing-box in the wall of separation. Access to the 
engino-house and coal-store was confined to a back entrance leading 
into another street. 

The factory proper was to have but one external door, opening 
into a large hall, from which all the other rooms were separated by 
locked doors; there were no windows, except to this one outer room, 
all light being obtained by means of double skylights, through which 
no one eoulcl look; and these wpre further secured by impregnable inside 
sliding shutters. Adjoining the entrance.-hall was a washing- and 
dressing-room, as a change of clothes on going in and coming out 
was imperative. 

Then came other important provisions rendered necessary by the 
fact that the machinery was massive and very heavy, and no labourers 
or other workmen could be admitted to assist in putting it together 
and erecting it in its destined place. Concrete foundations and iron 
bed-plates had been put in wherever necessary, with bolts inserted therein 
corresponding with bolt-holes in the machine framing then being made. 
Heavy beams were fixed o.n the walls crossing over the several places 
where the weighty machines were to be .erected, each beam having stout 
eye-bolts inserted in it for the purpose of attaching a bloek-and-tackle 
for hoisting. In order to facilitate the erection of all this maphinery 
by myself and my three unpractised assistants, 1 had so divided the 
largo frame castings that no single piece would weigh over ten or fifteen 

All the smaller shafts and driving-drums were put in place, the 







have, happily, never heard this machine in motion, imagine the screech 
of a hundred discordant fiddles, accompanied by the piercing screams of 
as many locomotives, all bottled up in a small room, their shrill sounds 
echoing and reverberating from wall to wall and from floor to ceiling, 
until the very atmosphere seemed thick with the ceaseless roar, and 
the human voice at its highest pitch was wholly lost and inaudible. 
This was a result I might reasonably have anticipated, knowing, ns 1 
did, what the machine had to do. but in reality it never crossed my 
mind. Double doors coyeved with baize were found necessary to deaden 
the sound, and prevent its penetrating into the main building, while 
the machine itself was doomed thenceforward to work in absolute 
solitude. 

These little filaments of brass were mechanically fed in succession 
into two differently constructed self-acting laminating machines emitting 
of highly-polished chilled-iron rolls. j 2 in. in diameter and IP in. iu 






themselves in a beautifully-formed snow-drift, so this' apparatus did its 
appointed work, separating microscopic particles, inconceivably minute, 
from those next them in size, and so on to the coarsest powder, which 
was only used for inferior kinds of work. 

• As this mode of separating powder mlo various grades may lie 
useful for many other purposes, X will here give such a description of it 
in detail as will make its action readily understood. 

The arrangement consisted of a table about 40 ft. in length and 
about 2 ft. 6 in. in width, covered with black varnished cloth, on 
which the powder was slowly deposited;.a long mahogany box. or 
tunnel, was inverted over the table, but was capable of being partially 
lifted on hinges at one side, thus giving access for the removal of the 
powder. At one end of the table a sheet-iron drum, or churn, was 
supported on hollow axes or trunnions, both of which were left open. 
The interior of the drum was provided with inclined shelves. Rotatory 
motion was given to the drum by a belt passing round it; the effect 
of this slow rotation of the drum was to lift the powder, and allow it 
’again to fall in a thinly-divided shower pn those shelves which occupied 
the lower part of the drum. A gentle current of air was caused to enter 
the outer end of the drum’s axis, and, passing through the falling shower 
of powder, it emerged through the opposite axis, and quietly flowed along 
the tunnel already mentioned, carrying with it an almost imperceptible 
cloud of fine particles, which were slowly and . gradually , deposited 
upon the varnished cloth covering of the table. The largest and 
heaviest deposited themselves quite near the entrance of the tunnel, 
and others of smaller size fell farther away, the very finest reaching the 
distant end of the tunnel, where there was a raised box, or cupboard, 
in which were two cylindrical bags made of very closely-woven silk, 
their lower ends open to the tunnel and their upper ends closed. A 
blowing fan of ordinary ‘construction was used to exhaust air from the 
cupboard, causing the ’silk bags to become inflated, and the aiv in 
the interior of the tunnel to pass through them ; this was c-i 
so gently through some 50 .square-feet surface of silk as to del; 
the interior any minute particles of bronze which had imt fallen 
the table, while a very light current of air was su-addy lnaintaine 
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exposed to heat or to a more perfect current of air, the powder may 
consist of a mixture of almost every imaginable shade.of colour, be 
really of no standard colour at all, and thus be rendered worthless. 

This delicate colouring operation was performed with unerring 
certainty , in a gun-metal revolving vessel, mounted on trunnions, some¬ 
what similar’ to a steel converter, for the purpose of discharging its 
contents rapidly at the right moment; this vessel was heated by an 
easily-controllable Bunsen burner of large size, and was provided with 
a means of taking out a small sample every minute for examination 
without interrupting its action. This important and most delicate and 
difficult operation was thus performed mechanically, and the device was, 
perhaps, one of the most perfect machines it has ever been my good 
fortune to design. 

Still there was one more tedious task to perform. I had to justify the 
faith of my friend Young that “ when the time comes you will be sure 
to find out all the proper alloys.” One of a range of small buildings 
at Baxter House was fitted up for this purpose with a powerful air- 
furnace. -for actual commercial working,; and a smaller one for the 
necessary series of experiments in the production of alloys that would, 
when oxidised, produce the desired colours, but that must, nevertheless, 
be tougb and ductile. There was already known to metallurgists a senes 
of copper alloys passing under different names, and more or less 
resembling gold in colour; thus we had “Pinchbeck,” “Mannheim 
Gold,” “Red Tombaok,” “Dutch Pan Metal,” "Mosaic Gold,” etc., the 
nature of all of which had to be investigated. Then came the question 
of the best source of pure copper as the base of all the alloys to be 
made. I tried best English copper, red Japan copper, and Russian 
charcoal copper, uiade into coin. I may say that I have, since then, 
melted scores of barrels of Russian kopeks, on account of their purity. 
Dutch pan metal is, as tire admirers of some of our old Dutch paintings 
may. easily imagine, a beautiful gold-coloured brass, which I have used 
extensively, and which owes its beauty to its purity and mode of 
production. One of the ores of zinc,. “Lapis Calaminaros,” is put into 
tile lower part of a large crucible ; small fragments of broken crucibles 
are laid upon it, and on this is placed granulated or shot copper (pro- 



passing up through Iho stratum of broken pieces of crucible, is 
absorbed l)j' the copper, which becomes a beautiful gold-coloured brass. 
Those impurities in the zinc ore which are not volatile remain at 
the bottom, and do not contaminate the gold-coloured alloy, which 
is afterwards melted in another crucible. 

The production of a new tint of colour was the aim of the trade, 
and, with this view, a whole series of alloys were made with, copper as 
the base. Alloys with bismuth, nickel, tungsten, molybdenum, tin, 
cadmium, and silver, were tried, the latter in the proportion of three of 
silver to seven of copper ; this made a most beautiful cream-coloured 
bronze in its natural state, and a brilliant peacock purple when fully 

One of the most successful novelties was a margarate of copper, 
obtained by using animal fat in the oxidising process, producing mar- 
gavate acid, and making a superb green : large quantities of this bronze 
found a ready sale amongst French eloekmakers in Paris. 

Some of the rare metals refereed to were extremely difficult to 

reduce from their ores or oxides ; but as they were not wanted in a 

pure state, but merely for the purpose of alloying, I found it much 
easier to reduce tlieir refractory oxides with oxides of copper. In this 
way the oxide of molybdenum was easily reduced in combination with 

oxide of copper intimately blended with a black flux, consisting simply 

of resin in a melted state mixed with charcoal powder. The mineral 
wolfram readily yielded an alloy when mixed with fine granulated copper, 
or with copper oxide, but alone it proved very ..refractory. 

I was quite unable to. make any white metal allqy hard enough to 
be made into powder by my machinery. All the soft tin alloys welded 
by pressure into a perfectly indivisible mass, Whilst the harder alloys, 
such as German silver, Chinese tuteneg, and other nickel compounds, 
were not white"-enough to take the place of the so-called “silver 
powder” produced in the old mode of manufacture by the further beating 
of thin tin foil. I was much annoyed at being unable to execute orders 
for “silver bronze," and had to make an exchange with the German 










importers, giving them gold bronze for thoir cheaper white powder. 
This changing “ old lamps for now ones” annoyed me very much : but 
knowing that brass pins are whitened by a film of tin deposited on them 
by boiling them in a bath of tartaric acid and tin shavings; I deter¬ 
mined to try if this system could be employed to whiten the brass 
powder, which we could make so easily and cheaply. There were two 
great obstacles- in the way which threatened to render the scheme 
impossible, viz., the probability that these minute particles of brass 
would, in the act of being coated with tin, become united and stick 
together, and also that the tin deposit, being naturally dull, like “frosted 
silver,” would fail in being- sufficiently bright. 

■ However, after due consideration, I planned a machine which I 
had reason to hope would overcome both these difficulties; it consisted 
of a brass churn with a steam-jacket, so as to enable it to boil any 
water contained in its interior. Into this chum was put a strong 
solution of carbonate of soda—not tartaric acid as usual ; about 20 lb. 
of bright brass powder was then put in, to which was added 12 lb. of 
small spherical shot, formed of pvre tin Jjy pouring molten tin into oil. 
The churn' was then put in action, so that the tin- shot not only 
provided the necessary metal for solution, but by their continuous motion, 
as the churn revolved, counteracted any tendency of the bronze particles 
to become matted together by the deposited tin; while the friction 
of all these rubbing surfaces in constant motion entirely prevented 
the dull “ frosted” deposit from taking place, but on the contrary gave 
a beautiful polished surface to the bronze. This process was a great 
success, and white bronze so produced was freely purchased by the 
trade. , 

This apparak^ suggested the deposition of real gold on the surface 
of the bronze. Some few costly experiments were made with this object, 
but were not successful! Probably at some future time a method 
of carrying out this idea may be discovered, and u large and profitable 
trade secured to the fortunate inventor. 

While all these investigations were going on, I bad taken offices 
in London Wall, and commenced (ho actual sal-- ,,i' bronze to the 
trade; a traveller was engaged, and hi- scot in bis first small order 








that if I could use it as a “paint,” it would answer for a great variety 
of purposes where a loose powder could not be applied ; for instance, 
it could be used for gilding the raised stucco patterns on the ceilings 
of rooms, for temporary theatrical decorations, etc. ; but quick- 
drying turpentine varnishes all destroyed the bronze, and turned it 
black. After much trouble and study, of the subject, I found that the 

resinous gums and in burnt oil, could be neutralised by mixing the 
varnish with dry lime, and I devised a novel.system of filtration, whereby 
all the lime, after neutralising the acid, was perfectly removed. Thus, 
my' new " gold paint ” was brought out, and those who knew how to 
use it, and what substances it could, be successfully -.used upon, wore 
delighted with it; while the attempts of others were a complete fiasco, 
and. it was by them condemned as a failure, notwithstanding which as 
many as 80,000 bottles of it have been sold in the course of a year. 
Among its various uses, a very odd one was due to the ’cuteness of a 
Birmingham manufacturer of “coffin furniture.” Instead of stamping 
in brass the variety of ornaments- used on the sides of coffins, he 
stamped them in the cheaper metal sine, and made them beautiful with 
gold paint; they lasted much longer than was necessary for the purpose, 
and' only turned black after some time. 

On one occasion, when giving an order for varnish at the factory 
of Messrs! Hayward and Sons, they asked if I would like to go 
through the works; and as I always take au interest in any manufacture 
that I am unacquaiuted with, I accepted their kind offer, and passed a 
very interesting hour or .two. Everything was shown to me and lucidlv 
explained; but there was one tiling winch .seemed to sumd out from 
all the rest, which, I thought, was a wasteiul and m e 
of expense, and so I expressed myself to Mr. 11 a 1 , v. ,n c .;t tue nine. 
It is only another of the many proofs I have had of tile very d l 
impressions which the same loots make on diihuenih eon t 
minds: here was an important fact, presented u> me im die ,uai mue. 
but which my friend Mr. Hayward, during forty years 01 i 1 





The bronze business was now progressing most satisfactorily. I 
had given up many of my former employments, and felt that I might 
indulge in • some luxuries from which I had hitherto carefully 
abstained. I thought that a brougham would be very useful to me, 
and, at the same time, a source of much convenience aud pleasure to 
my wife and children; but I had no suitable place for it at Baxter 
House. I imagined that I needed a meadow for a horse, but it is- 
most probable that it was really for myself that I .felt the need of 
“pastures new”; for the instinct of the village boy was evidently in 
the ascendant, and I sighed for the large, kitchen garden, and the 
poultry-yard, and other rural delights, the very thoughts of which had 
long slumbered and been forgotten. The result of all these aspirations 
was the taking on, a fourteen years’ lease, of a house, the grounds of 
which abutted on the beautifully-wooded domain of Lady Burdett Coutts, 
at Highgate; and here X' built a large conservatory, kept my cows 

and could sometimes, in my quiet walks round my own meadows, 
almost fancy myself at my dear old birthplace, Charlton, and myself 
again a village boy. .1 had given the name “Charlton House” 
to my residence at Highgate, and while living there I used to 
go down to Baxter House every morning to business, which, as far 
as the bronze powder was concerned, was conducted almost entirely 
without iny assistance; so that I had ample time to devote to the many 
new and interesting subjects that seemed for ever to present themselves 
to my mind and demand investigation. 

I had a good light drawing-office fitted up at Baxter House, and 
was always at work theje on some novel invention, for which patents 
were being taken out; in some cases experiments were made on the 
premises, and all sorts of machinery and furnaces were erected to put the 


increase, that on one occasion, when much pressed, I applied to un¬ 
friend, Mr. Banning, the City Architect, for the loan of au assistant, 
draughtsman to finish some patent drawings. “Well,” ho said, -‘I think 
X can let you have a pupil of mine who is jn-t out of his time : lie 
is a clever architect, an expert at the drawing-board, and is a gentle- 












to grind flour, are like. Well, suppose you' take two circular discs, 
say, 2 ft. in diameter: divide tlieir surface into eight compartments 
by radial lines, and cut small parallel sloping grooves, diagonally arranged 
in each compartment: then you have a pair of what may be called ‘steel 
millstones/ which may be driven by. usual wheel-gearing ; cut up your 











Ihu delicate manipulation which experts had (made their own. both .in-* 
Japan and China, where texts or prayers printed with bronze were 
offered up at the shrine of Confucius two thousand years before I had 

] cannot conclude this imperfect, account of the bronze powder 
manufacture without a tribute to those oj,i whose Scrupulous integrity 
hung the whole value of this invention 'from day to day through' all 
those long years. The eldest brother o{j my wife had .previously been- 
connected with the watch manufaetyife ■ in London, while the next to 
him in age had not yet commenced/ his- career; and I could offer a 
position sufficiently remunerative to induce both of them to assist in 
carrying on the bronze manufacture,! The younger brother, Mr. W. D. 
Allen, had been*- with me as a. pupil for a year - or two ; finding him a 
bright, intelligent lad. when he was about to leave school. I prevailed 
upon his lather to let me have charge of him, and impart, as far as I 
was able, some knowledge of engineering. Thus, living in the same house 
with me, he grew up more like one of my own sons than a brother-in- 
law. In due time he also to^olc 1 up his position in the bronze works, 
and kept my secret with the suitre silent caution as his elder brothers 
had done. He also assisted hie in ,iny early steel experiments at Baxter 
House, and, later on, when I determined to build a steel works at 
Sheffield, the great confidence I felt in his judgment and integrity 
induced me to offer him a partnership. He became the managing 
partner of Messrs. Bessemer Jnd Co., of Sheffield, and after four¬ 
teen years of the most successful management. 1 and each of the 
other partners retired from the business, leaving Mr. Allen in sole 
possession of the works, which he purchaseckjt a sum mutually agreed 

Many of my readers will be more or less acquainted with Mr. W. 
I). Allen, whose intimate knowledge of every detail of the Bessemer 
process enabled him to pay large dividends to the present Limited 
Company, even in bad times. Thus my brother-in-law’s position in life 
was assured; his brother John had died several years previously, and- 
there only remained his brother Kichard to carry on the business at 
Baxter House. 






In closing these details of the bronze powder manufacture, I may 

* say that, later on, the handsome royalties paid by my steel licencees 
rendered the bronze powder business no longer necessary to me as a 

• source of income; and I had then the extreme satisfaction of presenting 
the works to my brother-in-law, Bicliard Allen, who had, with so much 
' caution, successfully kept, for more than thirty years, a secret for 

which, he perfectly well knew, some thousands of pounds would have 
.been given him at any moment. 




of the sugar manufacture as theu carried oil iu the West Indian 
Islands. The more I heard of the state of this important industry, the 
more astonished I became on finding out hoiv rude, how unmechanical, 
and how unscientific were many of the processes then employed, not only 
in extracting the saccharine juices of the cane, but also iu its after- 
treatment. By a curious coincidence, at this very period the imperfection 
of the Colonial sugar manufacture had attracted the attention of the 
Society of Arts, and his BoyaPiTighuess Prince Albert had taken a 
very special interest ill this subject, and generously offered a gold medal 
to be awarded to the person who should, during the ensuing year, effect 







rapidly (lowing' in contact with it, over the lower roll of the mill. This will 
lie readily understood by reference to the engraving, Fig. 17, page 87, 
showing in section a pair of iron rolls a, a, between which a cane B U 
passing in the direction shown by arrows. It will be observed that 
at the central part the cane is crushed very thin ; but as it emerges, 
it. in part, recovers its former dimensions, and in doing so absorbs a 
very largo percentage of the juice previously expressed. 

These and other observations, carefully made and noted at the 
time, forced on my mincl the conviction that no form of roller-mill 
could, from the inherent nature of its action, give satisfactory results; 
and that a slower and longer continued pressure on the cane must 
be resorted to, if the greater part of this valuable fluid was to be 

Bv means of the hydraulic press, 86 per cent, of juice could be 
obtained; but this system was far too slow, and entailed so much 
labour as to render it impossible to deal with the enormous mass of canes 
grown on a moderate-sized plantation. Following, however, the general 
idea of the press, I designed an entirety novel system of extracting juice 
from canes, the main feature of uSiich was the cutting of the cane into 
lengths of about 6 in., thus leaving both ends of these short pieces open 
for the escape of the juice, instead of operating in the usual way upon 
canes of 4 ft. to 6 ft. in length, having numerous transverse knots or 
partitions, which effectually prevented any escape of the juice endwise. 
The two convex surfaces of a pair of rolls of 2 ft. in diameter, pressed on 
less than 6 in. of cane, at any moment, and if they revolved as slowly 
as five revolutions per minute, the 6 in, of cane passing between them 


In -the 

cane press about to be described, every one of tli&se open-ended 6 in. 
lengths would be subjected to intense pressure for a period of two and' 
a-half minutes; in practice, it has been found that the juice was vigor¬ 
ously erven out for the first minute, and then gradually declined; finally 
ceasing to yield one drop more of juice for about half a minute before 
it was discharged from the open end of the press tube. 

In order that this new system of continuous pressure might be fairly 
tested, I erected a complete press and steam engine combined, at my 





-■ experimental premises at Baxter House. I also imported a large quantity 
of canes from Madeira and from Demerara, for the purpose of studying’ 
their structure, and making- experiments with them, under varying 
conditions of pressure and time. The quantity of juice which this small 
apparatus was found capable of expressing exceeded 600 gallons pel- 
hour. The juice was much more free from pithy fragments than that 
which was obtained from the roller-mill, while the quantity of colouring 
-matter and ohlorophyl extracted from the knots was much smaller, because 
in the press these hard knots sank into the softer surrounding parts, 
while between the rolls they got far more pressure than the softer parts 
of the cane, because of their greater solidity. But the most important 
result, which was fully established, was the high percentage of juice 
obtained. 

In our first experiment, made immediately after the arrival of the 
canes, the quantity of juice obtained exceeded 80 per cent.; in another 
experimental trial, when the canes had been four months cut, 78§ per 
cent, was expressed; and, later on, in a public experiment, when the 
canes had suffered from drying, GaJ per cent, was expressed. In 
reference to the far smaller quantity, of juice obtained in practice by 
the old system of rolling-mills, I may quote from the Seventh Report 
of the Parliamentary Committee on Sugar and Coifee Planting, where, 
-at page 259, will be found a memorandum dated “Colonial Laboratory, 
Georgetown, 3rd February, 1848,” from Dr. John Shier, Agricultural 
Chemist, who—speaking on Sugar Mills—says:— 



It is a curious „fact'’ that throughout this competition no one but 
myself came forward with any plans to do away with the roller-mill. 
There were plenty of improvements in this class of machine ; two 
rollers and three rollers, new gearing, and combined engines and mills. 
In one case a mas-mheent mill had been patented. It was a combined 
engine and mill, weighing no loss than forty tons—no light matter to pass 
over half-made Colonial roads—and it was designed by Mews. Robinson 
and Russell, who were large sugar-mill manufacturers in London. 




















falling into the square cistern formed beneath them by the massive bed¬ 
plate, was'conveved away.by a pipe to the evaporating pans. 

The committee appointed to judge of the various plans submitted 
in competition for the gold medal offered by his Royal Highness, Prince 
Albert, came in force to Baxter House, and witnessed the cane press 
in operation. Although the committee did not openly express their 
views to me, I could uot doubt that their convictions were entirely in 
my favour, a natural result of the incontrovertible facts I had placed before 
them. In due course I received, a notice that the prize so much coveted was 
about to be awarded to me, an entire outsider, wholly unknown to any 
of the* sugar-mill manufacturers of this country. 

How often it has occurred to me, and how often have I expressed 
the opinion that, in this particular competition—as in many other previous 
oases—I had an immense advantage over many others dealing with the 
problem under consideration, inasmuch as I had no fixed ideas derived 
from long-established practice to control and bias my mind, and did not 
suffer from tbe too-general belief that whatever is, is right. Hence I 
could, without cheek or restraint, look the question steadily in the face, 
weigh without prejudice, or preconceived notions, all the pros and eons, and 
strike out fearlessly in an absolutely new direction if thought desirable. 
Indeed, the first bundle of canes I ever saw bad uot arrived from Madeira a 
week before I had settled in my own mind certain fundamental principles, 
which I ‘believed must govern all attempts to get practically the whole 
juice from the cane; but of course, there were many circumstances that 
rendered it necessary to modify first principles, having reference to the 
cost of the machine, its easy transit across country, freedom from repairs in 
isolated situations, etc., etc. ’ 

' In due course I had to attend, a meeting ax the Society of Alas, 
where I was much surprised folbicf the large hall crowded with spectatuns. 

Prince Albert, was seated at a small tabl a 1 at 1 d t 

Chairman of the Committee of Mechanical T j t 1 ' it 1 

to the Prince the result of their deliberations. In bout ul ihc pfut.u ,n 
occupied by the Prince Consort, there was a long incline eo.cicd ».th 







CHAPTER VII 


A HOLIDAY IN GERMANY 

I HAP been working pretty hal'd up to the time of the trials of the 
oano press, and felt that I was entitled to a little relaxation. One 
of my German friends, who had ceased to import bronze, was about to 
visit his native town, and pressed me to join him in a pleasure excursion 
up the Rhine; - my wife preferred taking the children and governess to 
some quiet English town, and so I set off with my friend, stopping first 
at Cologne, which, with its quaint old buildings and magnificent Cathedral, 
afforded us much pleasure for our first week’s holiday. After thisi we 
went up the Rhine as far as Dtisseldorf, where we arrived on the 
day of St. Ursula, the patron Saint of Dusseldorf. The streets were all 
alive with spectators viewing the long religious processions to he seen 
issuing from the various churches ; the large white caps of the lady 
processionists formed a strong contrast with their simple black dresses ; 
then came numerous bands of children, carrying flowers and various 
emblems, the clergy heading each procession, and carrying coloured 
wax candles of several feet in height, all of which was both novel and 
interesting to an untravelled Englishman like myself, but which has 
been so often seen by many of my readers that I will not “repeat the 
oft-told tale.” After a short stay here we pursued our journey up the 
Rhine, passing many well-known _ points of interest that skirt that 
beautiful river, and eventually landett awEiebnch, whence we pursued 
our journey to Frankfort, with which town 'I was very much pleased. 
I have still a distinct remembrance of my visit while there to Beth- 
niann’s Museum, to see the celebrated statue of Ariadne gracefully seated 
on a tiger, the room in which it is shown being provided with crimson 
curtains, through which a rich glow of light falls on to the cold white 
marble, producing a unique and charming effect. 


From Frankfort we journeyed on to NUremburg, whore we took 
Up our abode at Bayrisehcr Hof, We determined to see all we could, 
•in a week, of this charming, quaint old town, A few days later, my 
friend told' me he wished to go over to Fttrth, some miles distant. 
This little town is the principal seat of the German bronze manufacture, 
and my friend, having some connection there, we went together to 
Ftirth, where he called on a manufacturer with whom he had done business 
in former years. We spent a very pleasant day with this gentleman’s 
family; the weather was delightful. and we were able to sit under the 
trees in the open square until a late hour in the evening, enjoying not 
- a few glasses of their light beer, and returning at night to Nuremburg, 
to renew our search for amusement among its quaint old streets and 
public building's. On the second day after our visit ■ to Fiirth, on our 
arrival at the Hotel, the landlord' told us there was something wrong, 
and that two police - officers were waiting on return, and had papers 
for our arrest. We were, of course, greatly astonished, but had no 
doubt that it was some huge mistake; however, it was not so, and we 
found that the order was to arrest an Englishman of the name of 
Bessemer. After a little discussion, the landlord very kmdly suggested 
that we should remain in charge of one of the officers at the Hotel, 
While he and the other went to the police-office, where he became bail 
for our appearance before the magistrate at eleven on the following 
morning; so fortunately we were allowed to pass a quiet night at the 
Hotel. 

Next day, after some little bustle and annoyance, I found myself in 
court, face to face with my accuser and the magistrate, who fortunately 
. could speak enough of my’own language to make himself perfectly well 
understood. He told me that I w^s charged with what was a veiy 
grave offence in Bavaria, vB^Wrfnpting by bribery to induce a workman 
iu the employment of a bronze manufacturer at FUrth to betray the secrets 
of his employer, and go over to England to assist 
manufactory on the model of that of his employer. It was added that 
I had offered the man 2,000 thalers (about ,£200). Hi a « v- tin m i i 
feature of the charge which was read over to mo in German, and then in 
English by the magistrate, who demanded to know what I had to say 





in my dofoneo. I {boo explained, at some iongth, tlm fact that I had 

Hindi bronze powder as eighty men could produce by the system then in 
use at Fflrth; that I had lowered the price of the article 30 or 40 per 
cent.; and that the people of Furth had, no doubt, lost a large part of 
their trade, a circumstance likely to cause much irritation to the workmen 
engaged in this manufacture. I said that the idea of my wishing- to 
establish the old mode of manufacture m England, and to learn any 
secrets connected with it, was simply ridiculous. I further stated that I 
had come there purely for pleasure and recreation; and the landlord of 
the Hotel where I was staying would be able to tell them that, in the 
absence of my .German friend. I was wholly unable to ask for a single 
article of food in the German language. “ If you, sir,” I said " will 
ask my accuser what I offered him, and what was said on both sides 
before finally settling to give him 2,000 thalers for his services, you will 
readily convince yourself of the absolute falsehood of the charge, which 
could only have been made in pure spite or envy." A long talk in 
German between the magistrate and my accuser ended in the magistrate 
sayimr that I was dismissed, and found not guiltv of the charge laid 
against me; “hut,” added' the magistrate, “you must leave by post- 
wagon this afternoon.” I expressed my astonishment of this treatment, 
telling him that I wished to stay in Niiremburg for several more' 
days, and I intimated that I should at once, ask the protection of 
our Minister at Munich. “It is for your own protection that I wish 
you to go,” said the magistrate ; “ if you stay here you will be stoned.” 
“Surely,” said I, "after such an abominable charge has been brought 
against me, I cannot sheer off ingbo cowardly a manner, and. must look 
io you for protection during my staf'HZ'Jff:'" “Well, if you wish, you 
can have the protection of two officers wli'erfevor you go.” I thanked 
him, and accepted the escort he had offered. This was rather good 
fun at first, but it soon began to be very irksome. We were stared 
at by all the visitors at the hotel. We had to pay for the admission 
of these men at all the places of amusement we visited, etc.; so we 
hurried our explorations of this very interesting old town, and on the 




third morning after my arrest we commenced our return journey. Our 
.guards appear to have had strict orders; they went on the coach with 
•UB all the way until we passed the frontier, and found ourselves in 
■Prussia, and not until then did we get rid of their really unnecessary 
services. I have never found out the facts, hut I have always strongly 
suspected that this charge was got up against me to pay off tile little 
trick on. the German spy who wanted to get at the secrets of my 
manufacture by.his pretended invention of a machine for making hooks 
. and eyes. However, “All’s well that ends well;” and I was glad to 
return home from a very enjoyable holiday, invigorated in health, 
and quite ready to set to work again on whatever might come first 
on the tapis. 
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What I desired to achieve was the production, at a small cost, of 
large and massive discs or lenses, which could not be produced by Fraun- 
' hofer’s system. Among the several plans I proposed, I will describe 
■ only two, each of which attacked the problem from an entirely different 
standpoint. First, I may mention that I made a series of laboratory 
experiments with viscid transparent fluids, contained in glass vessels of 
various forms and under varied conditions. Venice turpentine was first 
tried, but very viscid castor oil was the nearest to glass in its indications 
of movement within itself. Small grains of broken red sealing-wax, by 
their greater specific gravity, showed well the tendency of the oxide of 
lead (used in flint glass) to subside; and how, by rotating this vessel with 
one small fragment of sealing-wax, its movement was restrained within 
a circle the diameter of which was equal to the subsidence of the particle 
during a semi-rotation of the vessel containing the oil. The effect of 
the gentle rotation or rolling of the vessel was also experimented on in 
various ways. A small portion of the viscid oil was poured out, and 
a very minute quantity of blue powder ground up in it, just enough to 
give a faint blue colour. This blue oil was then poured back again into 
the nearly, globular-shaped glass vessel, which must be considered as the 
glass pot; a little movement of the vessel produced streaks of blue colour 
like veins in marble, dispersed throughout the general mass of viscid fluid. 
But by continuing to roll the glass globe slowly for about two or three 
hours, not the slightest trace of veins or streaks of blue remained visible, 
while a-very slight tint of blue pervaded the whole mass of oil, which.was 
now perfectly homogeneous. It will be observed that the motion so given 

have done. 1 also demonstrated the fact that stirring from the surface 
by a rod was wholly impossible without the introduction of air ill large 
quantities. So extraordinary,’ is this fact that I cannot refrain from 
putting it on record. Take a glass jar or vessel, say ten inches deep 

shown in Figs, 22 and 23, oil page 104, Nearly fill it with clear, but 
viscid, castor oil, carefully removing all traces of air from the fluid by 
exhaustion under the glass bell of a common air-pump; place the jar 
on a table, take a polished metal, or, preferably, a glass, rod about the 




size ul n b3ncklt:nci pencil, and hiving a.smooth, rounded end, ■wipe it, and 
very slowly ami steadily lower it some six inches into the oil, as shown 
111 fie. e:i; i.hen as slowly and carefully withdraw it, occupying quite a 
minute in doing so. There will vcuinin no trace tliat anything has 
entered the oil. how place tbo jar again under the hell of the air-pump, 
take a tew strokes with it, and there will appear a line of ill-defined 
mist, standing: vertically upwards about six inches in height in the centre 
oi the lar : at each stroke of the pump it becomes move visible, and 
enlarges m diameter. It soon assumes the appearance of innumerable 
little globes, nice tne hard rbe of a herring, as shown at Fig. 23. A little 



more exhaustion, and these still further expand and rush upwards by the 
thousand, until at last all the air adhering to. and taken down by, the 
glass rod has been removed. What you may do, and what you may not 
do. until molten glass was thus beautifully illustrated by some of these 
preliminary experiments with ..visual fluids. You may move the glass 
about; you may rotate these viscid fluids.: _in a closed vessel ; and you 
may even pour them, provided the last part of your stream does not fall 
on the poured-out mass. 

To return to actual glass, the subject divides itself into two main 
systems of procedure, viz., you may make glass by the fusion of pure 
silica, lime, and potash, or other alkali, with or without the addition of a 
considerable quantity of oxide of lead, which is used where great density 











a. circular path. It will be observed that the crucible, it, rests on one 
of its sides on the conical floor of the chamber, », and is kept in position 
by its lower spherical end, M, moving in the cylindrical opening, f. Now 
if the furnace be moved quietly on its axis, the crucible gravitating to 
the lowest inclined side of tile conical surface on which it rests, will 

This motion of the furnace may be easily effected by means of a short- 
throw half-crank on a vertical axis passing upward through the floor 
iu a line through the centre of the furnace, the crank-pin having a 
spherical end fitting into the cylindrical socket projecting downwards 
from the underside of the ashpit. The motion of the furnace should 
be very slow, so ns to give about one revolution of the crucible in five 
or ten minutes, and thus allow a constant movement of the whole of 
the material to take place without dividing or breaking the continuity 
of the mass, preventing any subsidence of the heavier particles, and 
securing the perfect homogeneity of the whole. When the fusion and 
mixing is judged to be complete, the crucible can be pushed with a rod 
into an upright position, and, by drawing the fire, cooled as rapidly .as 
possible by the current of air flowing through the furnace. 

Homogenous optical -erlass. free from those long “wreaths” or 
lines of varying density, so common in ordinary glass, was also proposed to 
be made in the following manner. A large potfu) of glass of the required 
composition must be allowed to get cold, and then broken up, the central 
portions only being selected for use. These pieces are to be crushed, 
all the glass being reduced to absolute powder, and separated by sifting; 
all pieces exceeding the size of a grain of rice should be rejected. The 
very small and nearly equally-sized fragments that remain are then to 
be carefully washed in distilled water and put into a lenticular-shaped 
crucible, the exterior surface of which should be glazed, so as to render 
it impervious and air-tight. The crucible having been put into a suitable 
furnace and gradually heated, a small platinum pipe communicating with 
the upper part of the crucible is also connected with an exhaust pump, 
so as to remove every particle of air from the crucible and from between 
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!|p..the granules of glass while these still retain their granular condition. 

... >*. As soon as the glass becomes fluid, it forms a homogenous mass, the 
flaw of. diffusion, equalising any minute differences in composition of 
-continuous grains, while wholly avoiding those long “wreaths” or streaks 
. so fatal in large masses of glass. On the strength of these crude notions a 
number of various-shaped .clay crucibles were ordered to be made, with 
a view to carry on an elaborate series of experiments on the lines indicated ; 
but as these crucibles required at least three months to dry, X had 
ample time. to pursue some other interesting investigations relative to 
the production of glass for ordinary commercial purposes. 

In going over a glass - works some years previously, I had noticed 
what I, at the moment, thought was a great oversight in the mode of 
proceeding. The materials employed, viz., sand, limn, and soda in 
■ ascertained quantities, were laid in heaps upon the paved floor of the 
glasshouse, and a labourer proceeded to shovel them into one large 
heap, turning' over the powdered materials, and mixing them together; 
a certain quantity of oxide of manganese was added during the general 
mixing operation, for the purpose, of neutralising the green colour given 
to glass by the small amount of oxide of iron contained in the sand. 
The materials were then thrown into the large glass pots, which were 
already red-hot inside the furnace. What appeared to me to be wanting 
in this rough-and-ready operation was a far more intimate blending of 
these dry materials'. A grain of sand lying by itself is infusible at 
the highest temperature attainable in a glass pot, and the same may 
. be said of a small lump of lime ; but both are soluble in alkali, if it 
be within their reach. These dry powders do not make exclusions in 
a glass'pot and look about for each other, and if they lie separated the 
time required for the whole to pass into a slate of solution will greatly 
depend on their mutual contact. In such matters I always reason by 
analogy, and look for confirmation of my views to other manufactures 

less acquainted. I may here remark that I have always adopted a 
different reading of the old proverb “ A little knowledge is a dangerous 
thing”; this may indeed be true, if your knowledge is equally small 
on all subjects ; but I have found a little knowledge on a great many 





ddUveat i.bings ol infinite service to 3no. .From my early youth l had 
a strong desire know something of any and all the varied manufac-. 
lures to which T have been able to gain Access, ami I have always felt 
n sort of annoyance whenever any subject connected witli manufacture 
was mooted of wliich I knew absolutely nothing. The result of this 
feeling, acting for a. great many years on a, powerful memory, has been 
that i have really come to know this dangerous little of a very great 
many industrial processes. I have been led into this long digression 
because 1 meant to illustrate my observations on the extreme slowness 
of the fusion of glass by an analogy m the manufacture of gunpowder. 
I have shown how impossible it is for the (by powdered materials employed 
in the formation of glass to chemically react upon each other when 
they are tying far apart. Now, if we take the three substances—charcoal, 
nitre, and sulphur, of which guupowder is composed, and break them 
into small fragments, then shake them loosely together, and put a 
pound or two of this mixture on a stone floor and apply a match, the 
nitre will fizzle a little briskly; the sulphur will burn fitfully or go Out, 
and the charcoal will last several minutes before it is consumed. If, instead 
of this crude and imperfect mixture, we take the trouble to grind these 
matters under edge-stones into a fine paste with water, and then dry 
and granulate it, we have still the precise chemical elements to deal with 
as we set fire to on the stone floor; but they now exist in such close 
and intimate contact as to instantly act upon each other, and a ton or 
two of these otherwise slow-burning materials will be converted into gas 
in a fraction of a second. The inference I drew from this analogy 
was simple enough, viz.: grind together the materials required to-form 
glass, and when the heat of the furnace arrives at the point at which 
decomposition takes place, the whole will pass into the state of fluid 
glass much more quickly, and vVill yield a more truly homogenous glass 
than is obtained in the usual manner. . 

I was at this time engaged in constructing a large reverberatory 
furnace fur the fusion of glass on the open hearth, and I .may forestall 
what I have to say respecting this mode of founding glass, by stating 
that when I employed a mixture of raw material merely shovelled into 
the bath as practised in ordinary glass-making, it took from ten to 







J^jjtwelve hours to fuse half a ton of sand and lime in my new furnace ; 

■ ■ "but when I took precisely the same quantity and quality of materials 
■ ' which had been reduced to a uniform powder, as fmo as flour, by grind¬ 
ing the mixed materials under edge stones, my glass, instead of requiring 
■ ten-or twelve hours for fusion, became beautifully fluid in four and 
a-half to five hours. When I first tried this fine ground material in my 
furnace, I patiently watched the whole process hour after hour; the 
inert mass of dry white powder lay quietly under the rushing current 
of flame passing over it, without showing any symptom of fusion. At last 
I sought relief for my over-fatigued eyes by. half an hour’s turn up and 
down the yard ; and on my return into the glass-house, I was astonished 
to hear a curious sound issuing from the furnace, closely resembling the 
noise given out by a .frying-pan when cooking fish ; on .the application 
of my eye to the peep-hole of the furnace, I saw that the level of the 
•glass had risen an inch or two, and that a rapid boiling was going on, 
caused by the disengagement of gas resulting from the rapid reaction 
of soda on the silicic acid. I scarcely need say how greatly I was pleased 
at - witnessing in a first experiment so important a result, aud so distinct 
an example of the value of a little of this so-called "dangerous 
knowledge.” 

Up to this period the fusion of glass ill large crucibles was universal, 
and the reverberatory furnace which I had erected at Baxter House 
for this purpose was the first in which glass was made on an open 
hearth, and the parent of all those bottle furnaces in which the fusion 
of glass is carried on in open tanks. It was here also that the hollow 
box roof was first used in reverberatory furnaces—a form of roof after¬ 
wards employed by me so economically in the reverberatory molting 
furnaces used in the early days of the Bessenjer steel manufacture. The 
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ts was usually blown into long round-ended cylinders or muffs, the 
ds of which had to be opened while the glass was still hot and plastic— 
•5*U operation requiring great skill and dexterity on the part of the glass- 
blower. These open-ended cylinders, when cold, were slit from end to end 
,by.a diamond, and-again heated until sufficiently soft to be spread out 
flat on the smooth stone bed of a furnace specially constructed for that 
. purpose; after which they had to be ground and polished, if made into 
what is known as patent plate. 

Now, what I proposed to do, instead of this slow, laborious, and 
expensive series of operations, was simply to, allow the semi-fluid molten 
glass to escape by an opening extending along the whole length of the 
bath, and about 1|- in. in width, and to flow gently between a pair of 
cold iron rollers, so as to determine its breadth and. thickness at a 
single' ^operation. I aimed at converting the whole contents of the 
furnace into one continuous sheet of glass in ten or fifteen minutes, 
wholly without skilled manipulation of any kind, or the employment 
of.the other furnaces, which are necessary for opening and spreading 
the blown cylinders before referred to. It will be obvious that the 
continuous sheet as it passed from the rolls might be cut into any 
desired lengths, and thus very much lara-er sheet a-lass could be made 
than it was possible to obtain by blowing it into cylinders. 

Having thus foreshadowed the design I had in view, I will briefly 
explain the nature of the apparatus which I erected at Baxter House 
to test the practicability of the scheme ; and for this purpose I give 
the engravings, Figs. 25 and 26, Plate X, by way of illustration. 
Fig. 25 is a cross-section taken through the centre of the bath of the 
reverberatory furnace, looking towards the fire-bridge a, over which the 
flame passes. This flame is deflected downward on to the molten glass a, 
occupying the hearth of the furnace o, which is a sort of rectangular 
tank, having all along one side a slot or opening n, against which an 
iron bar i is fixed, so as to close the slot and prevent the escape of 
the semi-fluid glass. The arched roof, r, of the furnace is formed of 
hollow, boxes of firebrick, each box having a round opening m earn 
of four of its sides, while the upper side is quite open and the lower 
one closed,' and forms the underside of the furnace roof. 
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' .. .Mesirod ; a projecting V-shaped rib on the upper roller m, tv 
' ; the glass, into 'lengths equal to its circumference. The si 

glass thus severed from the. general mass will rapidly slide 
the smooth- curved surface x'of the machine, and deposit itself 


to the position shown in Fig. 25. The bar s a: 
then be replaced, the bath charged with a fresh sup 
and the process be repeated as soon as the. glai 
condition. 

From this general description of the proces 
mechanism employed, it will, be seen that a large 
could be produced with a very small plant. Thu; 
glass materials are melted in five hours and that 1 
is, say, fifteen minutes, a cast would easily he ma< 
or four times per day. A bath only 4 ft. by 3 ft. 
deep, when making strong horticultural glass ^th ir 
theoretically "5,760 ft. per day (say 5,000), equal to, 
cylinders 4 ft. long by 1 ft. in diameter. 

' I was quietly pursuing my experiments with the 
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critically examined the rolling apparatus, and looked into the furnace from 
time lo time, just ns a man would who thoroughly knew what he was 
about: ami when 1 said wc had better now' get to work, there were 
myself. Mr. W. D. Allen, my eldest son Henry, a carpenter, and my 
engine-driver present in the small room in which the furnace and machine 
had been erected. As soon as the bar retaining the charge was removed, 
and the tenacious semi-fluid glass touched the lower roll, the thick round 
edge of the slowly-moving* mass became, engaged in the narrow space, where 
the second roll took hold of it, and the bright continuous sheet descended 
the inclined surface, davkcm'ng as it cooled slightly. I had intentionally 
omitted the cutter in the roll so as to make a continuous sheet: this 
had to be pulled away, for my little room was not half long enough to 
accommodate it.' The heat suddenly thrown off from so large a white-hot 
surface threatened our varments if we stood too near, and unfortunately 
some oily cotton waste took fire, causing a momentary panic. Mr. Chance 
called out, “ Cease the operation ; cease the operation!” We were all 
in a perspiration, and the long adhesive sheet of glass, 70 ft. long by 2£ ft. 
wide, was gathered up before the door. The heat was very great', and 
throwing the rolls out of gear, we all beat a hast) 7 retreat. However, 
as far ns. the rapid formation of thin sheet-glass was concerned, there 
could be no doubt whatever, and I and my visitor sat down quietly to 
cool ourselves, and think over what had taken place. Notwithstanding 
the mistake of not putting in the cutter, and making the glass into small 
sheets, I had the satisfaction of knowing that I had just made a sheet of 
glass more than three times the length of the longest piece that had ever 
been produced, and that Mr. Chance had seen, for the first time hi his 
life, a continuous sheet of glass flowing from a machine, wholly without any 
skilled manipulation. “ Welly” said Mr. Chance, “ you have gone a good 
way, blit you have much further to go yet before you touch the real 
point—the commercial point. Now it has struck me that we have .so 
many appliances, and so many skilled employes m all departments, that 
perfecting such a novel process must be more easy and less expensive to 
us than it can be to you. After all, should it not become, so perfect as 
to be a commercial success, or should some other way be found of effecting 
the same result, you might have nil your labour in vain; but.I freely 








. admit that you have done enough to constitute an actual value as the 
..invention now stands. Just think it over, and determine whether you 
will sell me your invention as it stands and make at once a profit on what 
you have done, or whether you will spend more labour and money with 
the chance of much greater remuneration, if you succeed commercially, 
and no. one else supersedes you ? I am gome- down to Birmmsham 
this evening by the 9 r.M. train. Dine with me at seven o’clock at tile 
Euston Hotel, and tell mo, yes or no, whether you are disposed to sell 
your invention in its present state.” With this he took his leave, and 
I had still three hours to reflect over a most unlooked-for proposition. 
It was very exciting, and I talked the matter over with Mrs. Bessemer, 
and the 'general consensus of opinion was : “ Realise, by all means, if you 
can get ail adequate amount, but don’t give it away.” This decision, however, 
was' a long way off a positive fixed sum, to which a " yes” or “ no” was to be 
uttered by both sides. Time slipped on, and when the clock struck seven 
I found myself in a snug private room at the Eustou Hotel. We had 
a nice little dinner, and, when the table was cleared, my host said : “ Well, 
have you ’ decided ?” I said that I had thought the matter over, and 
felt that any'sum must now be a sacrifice, but that I was prepared to sell 
on one condition, viz., there was to be no discussion of price. I would 
name what I had fixed on; would he give me a simple yes or no ? To this 
he agreed, and then I said, “ The sum I have fixed on is six thousand 
pounds.” “Well,” said Mr. Chalice, “I will give you that sum for 
your patent; I shall not go down to Birmingham to-night, and to¬ 
morrow at 11 A.M., if you will call at Messrs. Hooper and Co.’s, my 
solicitors, in Sackville Street, we can settle the whole mattc-r there 
and then.” We met as arranged, a short agreement was drown up. 
Mr. Chance handed me a cheque for £1,00.9 with a short-dated bill for 
£5,000, and we parted very good friends, mutually pleased with out¬ 
bargain. As a fitting tribute to the memory of Mr. Chance’s able solicitor, 
Mr. Hooper, I may mention that I found him so shrewd and careful 
of his client, and so just withal, that I from that day gave his firm all my 
legal business as far as patents were concerned. 
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ie invention so secured is valuable property, and the owner is neee 
esirous of turning that property to the greatest advantage; he 
imself manufactures the patented article, or he grants licenses to 
> do , so. ' In either case the public reap the advantage of bein; 
a purchase a better or a cheaper article than was before known to 
lem, due to the inventor’s perseverance in forcing his property upon 
5e market. But if a novel article or manufacture is simply pr< 
y a writer, and published in the technical press or in newsp 
s a rule (almost without a single exception) no manufacturer v 
a the trouble and expense of trying to work out the proposed iim 
le says to himself: “ I shall not risk the expense necessary to d 
lis new idea, for it may entirely fail; or even if 1 succeed, its develo 







surface uppermost, is again bedded on the table, and all superfluous 
surrounding plaster carefully cleared away. Again tlie powerful polishing- 
machine remains inactive, until the sheet of glass is firmly stuck to the 
bed, and, after polishing, the same dangerous process of springing the 
glass loose from the table has to be repeated. After its removal, the 
bed has to be chipped all over, and the hard coating of the plaster-of- 
Paris removed, for the reception of another plate. 

Such is the laborious, dirty, and risky process to which every 
sheet of plate glass is subjected in the ordinary course of its manu¬ 
facture.. Now let us see what was the simple mode which I patented 
.of holding down a sheet of plate glass securely during the polishing 
process. I employed (see Figs. 29 to 32, page 120) a cast-iron ribbed 
plate of the size of the polishing stone table, on thi .upper side of 
which.a large slab of slate (such as is used for billiard tables) was 
supported and bedded on the ribs of the iron plate. This surface 

space beneath the slate aud between the iron ribs forming a shallow 
box. A number of round holes of about a quarter of an inch in 
diameter ..were made through the slab of slate all over its surface, at a 
distance of 4 in. or o in, apart, so that air could enter the iron box 
freely from all parts of its surface; a pipe of 1 in. in diameter led to 
a steam jet or other exhauster, so that air could be withdrawn from 
the box or let into it by a small hand-tap, as desired. This, then, was 
the whole apparatus which constituted the invention; it was extremely 
inexpensive, and once made, almost indestructible. 

This device took the place of the stone tabic under the ordinary 
polishing machine. Its operation may be described ns followsThe 
sheet of glass' to be polished is gently slid upon the table, and covers 
al! the small holes in the slate bed; and if then tile small tap which 
connects the underside of the slalo table with tile steam jet or other 
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is becoming hard, or when it is being cleared away. The plate of glass 
•is an absolute, fixture in less than a quarter of a minute after the 
exhaust is turned on ; and it is as rapidly released by reversing the tap 
and readmitting the air to the box. The plate is then turned over, 
and the-tap being opened to the exhaust, it instantly becomes re-fixed 
to the slate surface-; there is no cost of plaster, there is no labour, and no 
risk of snapping off the corner of the plate to release it. Take a moderate¬ 
sized plate of 6 ft. by 10 ft. (60 square feet), and take a very low 
exhaust, say, 2'lb. per square inch, equal to 288 lb. per foot or 
17,280 lb. of atmospheric pressure, holding it immovably fixed. Every 
schoolbov who has seen how powerfully the glass bell of an air-pump 
is held in place -by atmospheric ■ pressure, must understand this simple, 
effective, cleanly, inexpensive, safe and rapid way of bolding down a 
plate of glass. 

This invention, which formed one item of the many improve¬ 
ments in the plate-glass manufacture which I did not carry out, 
has been available for the free and unrestricted use of the public 
for nearly fifty years, and yet no plate-glass works in this, or any 
other, country has taken advantage of it. The simple fact is that 
an invention must be- nursed and tended as a mother nurses her baby, 
or it inevitably perishes. Nor is this almost incredible indifference to 
their interest the result of the invention being unknown to the public: 
for'I exhibited a polishing table so constructed, among many other 
things, in the International Exhibition of 1851, where it became one 
of the most attractive of my exhibits. I well remember that on one 

of the Exhibition to the public, and had the honour of slioinus and 
explaining the device to Her Most Gracious Majesti, who was on that 
occasion accompanied by His Royal Highness the Prince of Tv ales and 
other distinguished persons. 

The slate table was about 4 ft. by 3 ft., and I used a plate of 
polished glass a little less than a square yard, weighing about SG lb. 
The firm way in which it was held was most easily demonstrated by 
placing one side of the plate about four or five indies on the edge ol 
the date bed, and allowing the remainder to project. Not only did 













CHAPTER IX 


THE EXHIBITION OF 1861 

A BOUT this period everyone was interested in the forthcoming Inter- 
national Exhibition of 1851. I had applied for space to exhibit 
the process of separating molasses from crystallized sugar by my combined 
steam and centrifugal apparatus; this formed a very attractive display. 
The crystallised,sugar, with its adhesive coating of brown treacle, was 
spun round in the wire cage at a speed of 1,800 revolutions per minute ; 
and on throwing a bowlful of cold water into the machine, in thirty seconds 
the dark sticky mass was like a snowdrift, with its sparkling crystals 
compactly spread round the revolving basket. Crowds of people would 
stand round the machine, and seemed never tired of witnessing its 
operations. 

I took a deep interest in the development of the International 
Exhibition, and as air exhibitor I used to pass long mornings in the 
building very frequently, prior to its public opening- in May, 1851. 
On one of these occasions I chanced to meet my esteemed old friend, 
the late Mr. Bryan Donkin, E.R.S., and he went with me to see 
how mv exhibits -were being fixed up. Seeing my centrifugal machine, he 
said : “ Why do you not show that old scheme of yours for raising large 
volumes of water by centrifugal force ?” “ Oh,” I replied, “I had almost 

forgotten it.” He said, “ Everybody is fond of looking at a cascade, 
and a large body of water such as you can lift would make one of the 
most interesting exhibits in the mechanical department." Thus encouraged, 
I next day sat down to my drawing-hoard, and schemed a combined-engine 
and centrifufi-al pump, which I afterwards exhibited. There was very 
little time to make all new patterns and large loam castings ; indeed, it 
seemed almost impossible to do so. But I posted my drawings to Messrs. 
George Forester and Co., Engineers, of Liverpool, who had previously 
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'executed some important orders for machinery for me. My instructions 
were: “ If you can make the combined steam engine and centrifugal pump 
in ■ thirty-two days from the receipt of this, and undertake to deliver 
' it at the Exhibition building on the thirty-third day, set to work at once 
and make it; but if you cannot undertake to do so, do not touch it at 
all, as I must hold you responsible. I know it is a most arduous task, 
but if you execute so important an order in so short a period it will do 
you much credit, and I will put on the side of the machine a conspicuous 
brass plate, giving the full address of your firm as makers, with the date 
of order and date of delivery engraved thereon.” The result was that 
the whole apparatus was. admirably finished and delivered one day before 
the prescribed limit. Some months later Messrs. Forester and Co. executed 
for me two combined engines and pumps, each of vtkich, when set 
temporarily at work in Toxteth Park, Liverpool, was found to discharge 
109 tons of water per minute at a height of 7 ft. above the source 
of supply. These pumps were afterwards erected for the drainage of some 
sugar estates in Demerara, which lay 5 ft. below high-water mark in the 
tidal river into which they were drained, and each of them lifted a 

small rivulet 10 ft. wide by 18 in. deep, flowing at a speed of three 

miles an hour. 

To my no small surprise, I found that I did not stand alone in 
the Exhibition as the inventor of centrifugal pumps, for there were two 
others, one by Mr. Appold, and another by Messrs. Gwynne, from the 
United States; each of these was doubtless a separate and distinct 

Notwithstanding my frequent visits to the Exhibition to superintend 
the erection of my exhibits, the. place remained as fresh and as fall of 
interest as though I had never been inside those magic walls of glass. 
How vividly .still my mind retains the impression of the opening day; 

■what a glorious May morning, the crowning day of expectation to so 

many thousands ! We were warned that unless we started from home 
very early, we should never reach the building by 11 a.m. I lived then 
on the road to. Highgate, only two miles off. My wife and my eldest 
sister, left home with me in a brougham at 8 a.m. E\en at that early 
hour the streets were thronged; all London was astir, and as we slowly 
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f,n be made in addition to tlio specifications to bo written and claims 
to 1 io settled. Seine of those wore followed up witli results that were 
hip-lily satisfactory ; but it was my misfortune that inventions spruce 
lip in my mind without being sought, and as soon as a new idea 
presented itself there was no peace tor mo until the first crude notions 
were shaped and moulded into a tangible form, and this again criticised 
and improved upon. Then came experimental research, or m many 
cases the invention was patented as a mere theoretical deduction 
because it had to make room for the next: whereas each invention, 
fo he made a commercial success, required to be carefully and forcibly 
brought under the notice of the particular trade to which it referred. 

In regard to one of these patents of 1853 I will just say a word 
or two, as a, mere record of a first proposal to stop a railway train 
by the .simultaneous application of a brake on everv carriage wheel 
of the train. I fully appreciated the advantages of this simultaneous 
action on every wheel, because by such means a traiu of twenty or • 
thirty carriages could be stopped just as quickly and as easily as a 
single carriage, since each vehicle was subjected to the same retarding 
action; but it was necessary that this should be efteeted, as far as possible, 
without anv complicated mechanical arrangements likely to get out 
of order in practice. 'My invention, which I call the hydrostatic brake, 
was one ol extreme simplicity. Under ordinary circumstances the appli¬ 
cation of hydraulic power means packed pistons, water-tight stuffing-boxes, 
inlet and outlet valves, etc., all of which mechanical appliances were, 
in my plan, entirely dispensed with, and a rectangular cel) of vulcanite 
rubber was used for transmission of the pressure. 

The arrangement was as follows :—A rectangular iron box was held 
by bolts passing through flanges at each end. by means of which it was 
secured to the underside of the carriage frame. The interior of the box 
was in. long by 4 in. broad and 8 in. deep, and there was fitted .inside 
it a block of wood, not unlike one of the blocks used in street paving, 
and having a curved lower surface fitting the tyre of the carriage wheel. 
This block projected downwards from the mouth of the box, and left a 
space of H- in. between it and the upper closed side. Into this spue, was 
fitted a hollow rectangular chamber or box of vulcanised rubber, capable 
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.of expanding and contracting; it was attached, to the wood-block on its 
lower surface and to the box on its upper side. There was a small pipe 
which connected the chamber with a continuous pipe leading to the 
locomotive, where the driver could turn water pressure on or off instantly 
whenever necessary. Each of the rubber chambers contracted by external 
. atmospheric pressure if connected to the exhaust, and lifted the wood¬ 
block from off the wheel; but the instant that pressure was applied, 
each of the chambers expanded, and pressing on its wood-block forced 
it in contact with the wheel and retarded the motion. Thus if the wood 
■ block were 7J in. by 4 iu., it presented a surface of 30 square inches, 
•and every 10 lb. to the inch pressure on its surface was equal to 300 lb. 
. on the wheel. The mam leading pipe was always ohara-ed with water, 
which is non-elastic, and was permanently in communication with each 
of the chambers. If half a pint of water was exhausted from each 
chamber, the block was raised more than half an inch from the wheel, 
and relieved the pressure. Modifications of this simple brake have been 
made; but .it came before its time, and was not accepted by the railway 
companies. I am pleased to liave lived long enough to see continuous 
brakes universally adopted, for by them vast numbers of persons have 
been saved from injury or death. 















.'.bowing- by dots one of its longitudinal passages with the tangential, 
apcrlm-e at il.' With this simple apparatus I commenced my trials, 
using extremely small charges of powder, which I gradually increased 
until (he projectile reached an estimated altitude of 200 ft., and fell 

the projectile revolved during- (light, I bored on its opposite sides 
two holes, |. in. in diameter and 2 in. in depth, in a radial direction, 
as shown in section at e e. These holes were tightly rammed with 
damp meal powder, and on firing the gun (as 1. used no wad) the powder 
became ignited and fizzed away like a sqiub. Standing beside the 
gun I saw the- 'shot soaring, with its flat end presented to me, arid by 
its rapid rotation the two squibs formed a sort of revolving Catherine- 
wheel, which burned until after the shot had fallen to earth, thus proving 
beyond all controversy that the projectile both r-otated and went end-on 
during- its whole flight. But still I was no nearer my object, and might 
for ever have remained as I was, but. for an accidental circumstance 
which X will relate. 

Some few months after these preliminary experiments were made, 
I happened to be one of a house party, staying witli Lord James Hay 
at the residence of Ins married daughter, Madame Gudm, in the Rue 
Balzac, Paris. Our host gave a farewell dinner to General. Hamliny 
and a number of other French officers, who wore going to the Crimea. 
Among the guests present on that occasion was Prince Napoleon, to 
whom I was introduced by my host as the inventor of a new system 
of firing elongated projectiles from smooth-bore guns. I happened to have 
with me a tiny pocket model, made in mahogany, of one of these new 
projectiles, which, in order that it might be more easily understood, 
had the passages for the escape of gas formed in its exterior surface, 
instead of in the interior, as will he seen from the annexed engraving, 
Pig. Si, representing in full size this little model, projectile, which 
I made more than forty years ago, and which is still in my posses¬ 
sion. Its action was very prettily shown in this way : an upright glass 
tube of 1-1, in. internal diameter (accurately fitting the shot) had its lower 
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tec) thi* OiH to him, and asked permission 
nmlim, and bring them over. No objection 
and as I was about to take my leave the 
e you will bo put to some expense; I will 

•eturn to London, I received a letter from 
ing an autograph letter from the Emperor; 
Bros., Bankers, London, giving me credit 
projectiles.” but without naming any sum. 
iv narever private instructions mere mav have been given as a limit’ 
to the amount of credit, none were visible to me; and X could not help 
forcibly contrasting this delicate and generous treatment by the Emperor 
with the curt refusal of our own military authorities to gtve my invention 
a trial at home. 

In a few weeks, the projectiles necessary for the experiments 
were all made under my own eye, and packed ready for transport. 
There were 24-lb. and 30-lb. elongated shots of 4.75 in. in diameter, 
fitting the 12-pounder smooth-bore French guns, gauges for which had 
been sent to me in order to ensure accuracy in size. I had been 
provided with a special permit to pass the Customs House at Calais,' 
notwithstanding which, my passport was rigidly examined, and I was 
looked at and questioned by call sorts . of officials before I was allowed 
to proceed on my journey. 

I, as specially directed, went straight on to Vincennes on the 
following morning, and was met by Commandant Mime (the inventor 
of the rifle which bears that Dame), who had received • instructions to 
superintend the experiments and report thereon to the Emperor. 

In the large open plain known as the Polygon, at Vincenues, a 
scries of thin wooden targets had been set up, one .behind the other 
at about 100 metres apart. My projectiles were fired point-blank at 
these targets, and generally passed through five or six of them before 
reaching the ground, making round holes in each, and showing that 
all the shots went end-on. In order to enable us to measure the 
amount of rotation of the shots, I had given them a thin hard coating 
ol black Japan varnish, which was partly scratched off and scored in 




















desired me to report progress, accepted this experimental gun, remarking 
that some clay it might have an historical interest. It was in 
recognition of this circumstance that His Majesty, later on, intimated, 
through Colonel Belleville, his desire to confer on me the decoration 
of the Legion of Honour, provided I could obtain permission to wear 
it. a privilege which our Ambassador twice refused. His Majesty 
also sanctioned the erection of my furnace at the Government Cannon 
Foundry at Ruelle, near Angoulome, to which place I went with 
proper introductions for the purpose of arranging all the necessary 
details. I also sent over from England several thousand special fire¬ 
bricks, etc., for'"the erection of the furnaces. 

But, on resuming my further researches, after my return to London, 
an incident occurred which suddenly put a stop to the intended works 
at the Buolle gun - foundry, and in fact altered all my future plans 
and investigations. 

The furnace, as then arranged, is shown in vertical section in Fig. 35, 
and in horizontal section, on the line passing above the fire-bridge, in 
Fig. 3G, Plate XII., the bath being empty and showing the tapping- 
hole, and the way in which the furnace narrows at the fire-bridge. 
Fig. 37, on the same Plate, is also a horizontal section, taken on a 
line passing through the openings in the perforated hollow fire-bridge, 
and clearly shows how the jets of air were directed so as to produoe 
an intense ignition of the combustible gases, mingled with, and passing 
over with, the large volume of flame from the overcharged fire-grate. 

The small scale on which this experimental furnace was built 
(a capacity of 3 ewt. only) was much against my obtaining the 
high temperature necessary to melt a large proportion of steel in a 
pig-iron bath. I was, of course, fully aware that a furnace of sufficient 
capacity to cast a 5-toil or a 10-ton gun would acquire a much higher', 
temperature than was possible in my small furnace. I knew also that 
forced draught, obtained by closing in the ashpit and forcing air into 
it, would still further increase the temperature. That this forced 
draught was in my mind at the time is shown by the fact that I took 















iron half filled the crucible, and thirty minutes’ blowing was 
lOnvert i.0 lb. of grey pig into soft malleable iron. Here a 
great fact was demonstrated, viz., the absolute decarbur 
nolten crude iron without any manipulation. but not without ft 
not a very high temperature been kept up in the air furnace 


e resulted in the solidification of the metal in the crucible long before 
Complete decarburisation had been effected. Hence arose the all-importanl 
question : can sufficient internal heat he produced by the introductior 
of. atmospheric air to retain the fluidity of the metal until it is wholh 
decarburised in a vessel not externally heated ? This I determined to tr_i 
without delay, and I fitted up a larger blast-cylinder in connection witl 
. a 20 horse-power engine which I had daily at work. ■ I also electee 
an ordinary founder’s cupola, capable of melting half a ton of pig iron 
Then came the question of the best form and size for the experiments 
“ converter." I had very little data to guide me in this, as the crucibh 
converter was hidden from view in the furnace during the blow. I found 
however, that slag was produced during the process, and escaped throngl 
the holes to the lid. Owing to this, I determined on constructing a ven 
simple form of cylindrical converter, about 4 ft. in height in the interior 
which was sufficiently tall and capacious, as I believed, to prevent anythin! 
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■"! 4 All attempts to. lessen the violence of the process by the reduc- 
• ^ tion of the number of tuyeres, or by lessening their diameter, or 
■ by diminishing the pressure of the blast, only resulted in a reduc- 
. tion of the necessary temperature, and in preventing the conversion 
of the molten pig into malleable iron. In one case the trial of a 
diminished area of tuyere openings resulted in nearly the whole 
charge of metal, after more tlmni. an hour’s blowing-, being converted 
into a solid mass of brittle white iron, similar to ordinary refiner’s 
plate metal. Indeed, I may say the result of all my early investigatious 
proved to me, beyond the possibility of a doubt, a fact which has since 
been confirmed ip every Bessemer steel works throughout Europe and 
America, viz. : that rapidity of action, ending in a violent eruption, is 
•an absolutely necessary condition of success. Not only must the 
converted metal acquire au enormously high temperature, so that it 
may not be chilled when pouring it out of the converter, or when a 
relatively large quantity of much cooler metal be added to deoxidise 
it, but it must not chill and form. a shell in the ladle during the 
comparatively long time required for casting the ingots. Hence, to carry 
out’ the Bessenler process successfully, a temperature must be obtained 
very considerably above the mere melting temperature of malleable 
iron; and in' order to secure this it is necessary to drive powerful 
streams of air into the metal, so as to divide, it into innumerable tiny 
globules disused throughout the whole body of iron under treatment 
. which, for the time being, may be likened to a fluid sponge with the 
active combustion of carbon with oxygen going on in every one of its 
myriads of ever-changing cavities. 

It has been found that the union of carbon and oxygen takes place 
so rapidly at this high temperature as to produce a series of mild explosions. 
In the large converters in common use, a space some 3 ft. or 10 ft. in height 
above the normal level of the metal is provided, in which this violent 
action expends itself unseen, and is only partially recognised by a small 
quantity of slags leaping out of the mouth of tile converter. 

. With these facts before us, it must be self evident that all attempts 
to produce malleable iron in a plain cylindrical vessel that has no top to 
it, and in which the metal normally rises to within 0 in. of the open 














The' base was a massive square flange, resting on four’ dwarf columns, 
which stood on the square upper flange of an hydraulic cylinder; bolts 
passed through these dwarf columns, and through the square flanges, 
thus uniting the ingot mould and hydraulic cylinder. To the latter a ram 
or plunger was fitted, having a movable square head, which accurately 



days after the reading of the “Cheltenham” j 
under the personal superintendence of Mr. Edwar 
of the Iron and Steel Institute. Two piece 
kept at the Institute in a large glass case 









.moytawant, and then permit a vertical stream to descend into the mould 
MjrSie^y free from any mixture of slags. The advantage of this mode 
gfbfrljpog the moulds will be unde rstood when it is borne in mind that they 
neoessarily narrow upright vessels. It is well known that a stream 
metal, poured from the lip of a ladle, will describe a parabolic 
in its descent, tending to strike the further side of the mould before 
•V ieaohing the bottom.. The surface of the east-iron mould so struck is 
" "instantly melted by the incandescent stream of steel, and the ingot and 
■ the mould thus become united, causing great inconvenience. Nor is it 
easy, in pouring the steel from the lip of the open ladle, to prevent some 
- of the fluid slag floating on its surface from flowing over with the steel 
and spoiling the ingot. All of these difficulties are avoided by the ladle 
fitted with a bottom valve discharging a vertical stream down the centre 
of the mould, the quantity and -flow being regulated with great facility 
■ by the hand-lever on the side of the ladle. At g and h, Fig. 43, are 


























and Some .of ray friends in entering into partnership, and erecting in the 
town of Sheffield, a steel works which still remains in active operation 
und^r the style of “ Henry Bessemer and Company, Limited.” These 
works were established both for commercial purposes, and also to serve 
as a pioneer works or school, where the process was for several years 
exhibited to any iron or steel manufacturers who desired to take a license 
to work under my patents. All. of these were allowed, either personally 

taking a licence. 



CHAPTER XII 


THE BESSEMER PROCESS 

T WELL remember how anxiously I awaited the blowing of the first 
7-cwt. charge of pig iron. I had engaged an ironfounder’s furnace- 
attendant to manage the cupola and the melting of the charge. When 
his metal was nearly all melted, he came to me, and said hurriedly: 

Where be going to put the metal, inaister ?” I said : “ I want you to 
run it by a gutter into that little furnace,” pointing to the converter, 
" from which you have just raked out all tile fuel, and then I shall 
blow cold air through it to make it hot.” The man looked at me in a 
way ill which surprise and pity for my ignorance seemed curiously 
blended, as he said : - It will soon be all of a lump.” Notwithstanding 
this prediction, the metal was run in, and I awaited with much impatience 
the result. The first element attacked by the atmospheric oxygen is 
the silicon, generally present in pig iron to the extent of lj- to 2 per 
cent. ; it is the white metallic substance of which flint is the acid silicate. 
Its combustion furnishes a great deal of heat; but it is very undemon¬ 
strative, a few sparks and hot gases only indicating the fact that some¬ 
thing is going quietly'em. But after an interval of ten or twelve minutes, 
when the carbon contained in grey pig iron to the .extent of about 3'per 
cent, is seized on by toe oxygen, a voluminous white flame is produced, 
which rushes out of the openings provided for its escape from the upper 
chamber, and brilliantly illuminates the whole space around. This 
chamber .proved a perfect cure for the rush of slags and metal from 
upper central opening of the first converter. I watched with some 
anxiety for the expected cessation of the flame as the carbon gradually 
burnt out. It took place almost suddenly, and thus indicated the entire 
decarburisation of the metal. The furnace was then tapped, when out 
rushed a limpid stream of incandescent malleable iron, almost too brilliant 











































He held up between his thumb and finger a small fragment of wholly 
decarbnrised non. and enthusiastically exclaimed, ‘‘Gentlemen, this-is 
a true British nugget.” Then in glowing terms he referred to the 
novelty of the process, the rapid conversion into malleable iron of the 
molten iron as it came direct from the blast furnace, the power the 
process afforded of dealing with immense masses,' the absence of all 
skilled labour, and the non - employment of fuel. All this, he said, 
pointed to results so vast and so commercially important, that it was 
impossible to grasp the full effect it must have both on the iron and 
engineering interests of tins' and of every other country. This paper 
had come upon hnn 9<nte unexpectedly, and the true instinct of the 
engineer and man of science rose above all other considerations. He 









i (i! nKNrty rnvvmiKi; 

Ami yet tin's high appreciation of ray invention by Mr. George 
Rennie. end the niinouiiooniont of it to the whole world through the 
columns of The Trows, vns like a two-edged sword; for, while on the 
one hand it was the direct cause of Stringing to my aid the sinews of war, 
and assisted me in fighting the great battle of vested interests arrayed 
against me, on the other hand it had a fearful disadvantage, which 
might have wrecked all. In listening to the kind words ot Mr. George 
Rennie, I too readily allowed myself to bring my invention under public 
notice. I should not have done so until all the details of the process 
had been worked out, and I had made it a great commercial (and not 
merely a scientific) fact. My premature disclosure brought down upon 
me a wild pack of hungry wolves, fighting with me, and with each other, 
for a share of what was to be made by this new discovery. To these 
eager adventurers, the eon version of five tons of crude molten iron into 
cast steel, in a few minutes, was the realisation of the fabled philoso¬ 
phers stone, that transmuted lead into void. It was not a question 
with these people of improving my process, but of an endeavour to 
imitate it, or to do something similar by some dodge or other that 
was not covered by my patent. If they could simply surround me 
and hem me ill with possible or impossible claims, I must surely, they 
thought, pay them to get out of my way. The agent of one of these 
so-called inventors told me to my face that- he had a little hit of land 
in the middle of my road, and that there was not room for me to pass 
on either side, and that I dared not run over him. Many examples 
might be adduced of the wild^ schemes propounded in this mad race 
to appropriate the principle of my invention. One inventor, instead 
of forcing air upward jlifiough the metal, proposed to suck it out of the 
vessel by directly pvrhiping out the fire and showers of sparks, instead 
of driving cleaiycold, atmospheric air into it, as I had claimed in my 
patent. Another would force down ‘ air upon the surface with such 
great -pressure as to penetrate the metal from the top instead of letting- 
"the air pass naturally upwards. Another would allow the molten iron 
to flow down steps, and blow on it as it fell from step to step. Another 
claimed to spread the metal in a thill sheet and blow on to it, but not 
into it, as I did. Another so-called inventor, proposed to.let the molten 










licensees firm supporters ot the patents, while the advantage given to 
one manufacturer in each of the great iron districts was not calculated 
to • injure the trade, as the owner of the privilege would put the extra 
profits in his pocket, instead of throwing away his advantage by under¬ 
selling his neighbours. For instance, the Dowlais Iron Company were 
making 70,000 tons of rolled iron annually, and would have to pay a 
full royalty on 50,000 tons, thus reducing their advantage to less 
than three shillings, per ton cm their annual production of iron, a sum 
too small to permit of their underselling the vest of the hade.- This 


Soon after the departure of the Dowlais 1 
from Scotland had a close run as to who slur 
claim the advantage of being- the pioneer for 
was eventually settled in favour of Mr. Smith Di 











by a license to the BuMerley Iron Company, in Derbyshire, to make 
10,000 tons annually on the same terms. A Iicen.se was also granted to 
ijjiiku iOou tuns annually to a T.m-plato manufacturer in Wales- ftt one 
farthing per ton, on payment of one year’s royalty of £2000, thus 
making sales of royalties to the amount of £27,000 in less than one 
month from the announcement of my invention in The Times. Up 
to this period, and long after it, the only persons interested were the 
ironmasters, the question not making the smallest impression in the 
steel trade. Sheffield wrapped itself in absolute security, and believed 
that it could afford to laugh at the absurd notion of making five 
tons of cast steel from pig-irou in twenty or thirty minutes, when 
by its own system fourteen or fifteen days and nights were required 
to obtain a 40-lb. or 50-lb. crucible of cast steel from pig-iron. So 
the Yorkshire town was allowed to stand aside while the more enter¬ 
prising ironmaster gave the invention a trial, as far as bar-iron making 
was concerned. At this period the ironmaster would never have 
dreamed of changing his trade to that of a cast-steel manufacturer, 
had such a thing been proposed to him. 

Among the many persons who called on me from time to time, 
and made proposals for a license, none was so energetic and thorough¬ 
going as Mr. Thos. Brown, of the Ebbw Vale Ironworks. .He brought 
with him an eminent consulting engineer, Mr. Charles May, and with a 
good deal of quiet tact, beat about the bush, trying to gauge my ideas 
on the value of my patents. He expatiated on the advantages of turning 
an invention to immediate account, and being not only well paid, but 
much overpaid, for all yosts and labour expended- in perfecting the 
invention, which, when purchased for cash, might be upset in law without 
any loss to the in/entor, who had been wise enough to realise when 
lie had the opportunity. This was the whole gist and meaning of a rather 
long introductory speech, and I distinctly remember the reply which 
I made at the time, and which I have often since repeated. I said: 
“ Mr. Brown, the expense and labour that I may have had- over this 
invention is no measure of its value. If you and I. were walking arm- 
in-arm along the street, and I saw something glittering in the gutter, 
and if the mere fact of my being the first to discover it gave me a legal 




claim, to its possession, and all the labour and trouble' taken by me were 
simply to lift it out of the gutter with my thumb and finger, and if this 
little glittering thing on examination turned out to be the Koh-i-noor, 
fhen the Koh-i-noor being legally my personal property, I should want 
a million sterling for it, if that happened to be its ascertained commercial 
value, ^notwithstanding the fact of its having come so easily into my 
possession." I thus quietly gave Mr. Brown to understand that I was 
in no hurry to sell my birthright for a mess of pottage. Mr. Brown 
then adopted another method, and attempted to dazzle me at once, 
so as not to spoil the effect of a grand oiler by letting it slide out piece¬ 
meal. “Well,” he said, “the real object of my visit is to make you 
an offer to purchase all your patent lights in Great Britain for your 
iron and steel inventions ; and I will tell you at once how far’I am prepared 
to go,-and X can go no farther. I am prepared to give you ,£50,000 cash 
for them.” I said : “ Mr. Brown, I cannot but feel that this is a very 
handsome offer indeed, for an invention that has not yet passed from 
the scientific to the commercial stao-e, and it is conclusive evidence of the 
high appreciation of its value by a practical ironmaster, and manager 
of a great Welsh iron-works. But, Sir, if my invention successfully passes 
from file scientific to the commercial stage, as I doubt not it will do, 
it must inevitably revolutionise the iron industry of the whole world; 
and even the very handsome sum you offer is not a tithe of its actual 
value. No, Sir, I cannot accept your very liberal offer; it is a large 
sum to risk, and whatever risk there is, it is I who should run it. I have 












Six months more of anxious toil glided away, and things were 
in very much the same state, except that many thousands of pounds 
had been uselessly expended, and I was much worn by hard work and 
mental anxiety. . The large fortune that had seemed almost within my 
grasp was how far off; my name as an engineer and inventor had 
suffered much by the defeat of niy plans.' Those who had most feared 
the change with which my invention had threatened .their long-vested 
interests felt perfectly reassured, and could now "iyifcly sneer at my 
unavailing efforts; and, what was far worse, my beatYriends tried, first 
by gentle hints, and then by stronger arguments, to make mo desist 
from a pursuit that all tile world had proclaimed to be utterly futile. 
It was, indeed, a hard struggle; I had well-nigh learned to distrust 
myself, and was fain at times to surrender my own convictions to the 
mere opinion of others. Those most near anu dear to me gneveu over 


my obstinate persistence. But what could I do ? 1 had had the most 









process ns n. monopoly, hut simply l.o force the trade to adopt it by 
miderselliug them in their own market, which the extremely low cost of 
production would enable me to do, while still retaining- a very' high 
rate of profit on all that was produced. My partner, Mr. Longsdon, 
and my brother-in-law, Mr. William Allen, to whom I mentioned this 
pioject, weje quite willing to join me in it as a purely manufacturing 
speculation, apart from any interest in my patents, which, however, the 
firm were allowed to use free of royalty, in consideration of their 
permitting the works to be inspected and the process fully explained to 
all intending licensees. 

It will be remembered that Messrs. Galloway, of .Manchester, were 
the first persons who took a license to manufacture malleable iron by 
my converting process, having purchased the sole right to manufacture 
it in Manchester and ten miles round, prior to the reading of my paper 
at Cheltenham. One of the original upright fixed converters had been 
erected at their engineering works, and having, like all the rest, failed 
to produce satisfactory results with ordinary phosphoric pig-iron, it had 
been at once abandoned. But when the proofs of our success in steel 
making, two years later, were afforded to Messrs. Galloway by the actual 
use in their own workshop of steel tools of all sorts made by us in 
London, it was mutually agreed that they should rescind their original 
license for Manchester and join us as equal. partners in the Sheffield 
works, which I and Mr. Longsdon had determined " to ' erect, with 
Mr. William Allen as the resident managing partner. 

Mr. Longsdon, with his intimate knowledge of architecture, soon 
designed our model works—a neat white brick range of buildings with 
sandstone dressings, and a tall chimney as the usual landmark. Thus 
were established the first Bessemer Steel Works, and in less than'twelve 
months from its cplnmencement, we had built a dozen melting furnaces 
and erected the steam and tilt hammers, blast, furnaces, and converting 
apparatus, suitable for carrying on the new manufacture. This we com- 
f menced by bringing steel into the market at .£10 to £15 per ton below the 
quotations of other manufacturers. In thus opposing the old-established 
steel trade in its very midst, we ran the risk of “rattening," or a bottle 
of erunpowder m the furnace flues, by which the workmen of Sheffield 
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had earned for themselves an unenviable notoriety, and we had reason 
to consider ourselves fortunate that we escaped. We were doubtless 
indebted for this immunity to the entire and absolute disbelief, both 
of masters and men, in. ,our power to compete with them. It was 
this obstinate refusal to see and judge for themselves which lost the 
manufacturers of Sheffield their great monopoly of the steel trade ; for, 
although the steel makers refused to see, it was abundantly clear to 
the ironmasters that profits could be realised by working the new 
process; hence it was speedily adopted in all the great iron districts 
of. the country. 

Some idea may be formed of the importance of the manufacture, and 
of how much the people of Sheffield lost by their prejudice and incredulity, 
when I state the simple fact that, on the expiration of the fourteen 
years’ term of partnership of our Sheffield firm, the works, which had 
been greatly increased from time to time, entirely out of revenue, were 
sold by private contract for exactly twenty-four times the amount of the 
whole subscribed capital of the firm, notwithstanding that we had divided 
in profits during the partnership a sum equal to fifty-seven times the gross 
capital. So tliafi, by the mere commercial working of the process, apart 
from the patent, each of the five partners retired from the Sheffield works 
after fourteen years, having.made eighty-one times the amount of liis 
subscribed capital, or an average of nearly cent, per cent, every two 
months—a result probably unprecedented in the annals of commerce. 

Remembering the keen interest which the Emperor of the Freud i 
had taken in my early experiments with rifled projectiles, I uaturally mode 
him acquainted with the success I had achieved ; while, at the same time, 
I also kept our own Government fully informed. At that period the 
Foundry and Ordnance Department at Woolwich was ably presided over 
by Colonel Eardley Wilmot, R.A., who had taken the deepest, interest 
in the progress of my invention from its earliest date. 










one of the railway sidings, \ye came upon a large heap of slags and cinder. 
"What is that?” I asked the manager. “Oh, that is what we flux the 
furnace with,” lie said. “Yes, but what is it?” “It is a furnace slag, 
rich in iron," he replied. “ We send into Staffordshire lots of our fine ore 
for fettling the puddling furnaces, and after they have done with it they 
. Send it back to us; in fact, we could not get a fluid cinder in our blast 
furnaces without it.” " All right!” I said, “the cat is out of the bag now, 
and the mystery is all over.” And so I found that the Staffordshire iron¬ 
master, after purifying his phosphoric iron in the puddling furnace, and 
transferring its impurities to the hematite ore, sent the ore back again 
to Cumberland, and succeeded in spoiling the purest iron ore which this 
country possessed. 

I was in high spirits at this discovery, for I now fe’lt certain that 
we should soon have thousands of tons of British iron suitable for the 
production of steel. by -my process. 

Before leaving the works, I arranged to take all these samples 
of raw material to London, and get my own chemist to make a careful 
analysis. Then, choosing the fittest materials in each case, furnace charges 
.could he formulated by our chemist, Professor Henry, of course omitting 
the phosphoric slag, and substituting for it the dark shale of the coal 
measures, so as to give a sufficiently fluid cinder. These theoretical furnace 
charges were afterwards sent to the Wol’kington Company, with the 
following offer on our part, viz., the company were to use these charges 
for at least twelve hours, after they believed that all the old materials 
had passed out of. the blast furnace,^ so as to he quite sure that the 
old impure matters had been entirely got rid of, and then they were 
to run me 100 tons of this new pig-iron, which I undertook to purchase, 
whatever its quality might be. They were instructed to make a large 
letter B on the mould pattern used for casting, so as to distinguish this 
pig from all others. This plan of marking was duly carried out, and 
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)j;nl Km?) erected some months, ami tbo first convertor uiountcd on axes 
was imt k> vrork in 1858. At first our attention was chiefly directed 
to the manufacture of high-class tool steel, for which our quotation was 
---12 per ton, as against £50 or £60 by other makers. All this tool steel 
was made from Swedish charcoal pig-iron, costing only about £3 per ton 
more Ilian English brands. The excellence of the steel so made is best 
proved by the fact that during the two years that this branch of the 
steel trade was carried on by us at Sheffield, we supplied such firms 
as Sir Joseph Whitworth, Messrs. Beyer, Peacock and Company, Messrs. 
Sharp, Stewart and Company, Sir William Eairbairn and Company, 
Messrs. Hicks, of Bolton, Messrs. Platt Bros., of Oldham, etc. A 
moments consideration will show that such firms as those mentioned 
would never have continued to use this steel if it had been in the slightest 
degree inferior to the best steel made by the old process. By way 
of commercial prooi, let us suppose that our price was £14 per ton 
below that of the trade. This would save precisely five farthings on 
the cost of a tool weighing 1 lb. Now if such a tool during its 
whole life occupied a workman (whose wages were sevenpence an hour) 
only twelve minutes more in' extra sharpening on the grindstone, the 
advantage of £14 per ton would have been wholly lost. Is it, I would 
ask, probable that the eminent engineering firms quoted would have 
continued to use this Bessemer tool steel if the smallest shade of inferiority 
had manifested itself? Our tool steel was also used at the Arsenal, 
Woolwich, at the time when Colonel Eardley Wilmot, R.A., was Super¬ 
intendent of the Royal Gun Factories, prior to the advent of Sir 
William Armstrong, and in confirmation of this fact I may quote the 
following passage from the Proceedings of the Institution of Civil 
Engineers, according to which, on May 24th, 1859, Colonel Wilmot, 
in the course of a speech in reference to Bessemer Iron and Steel, 

As weirds (.lie steel, he hod hc.cn using it fur turning the outside. <4 heaty guns. 

culling oil large shavings several inches in length, and ho has found none other superior to it, 

Indeed. Colonel Wilmot exhibited to the meeting a box full of exceptionally 












From these examples, 2, 3, and 4 of hoop L bar-iron, v,-e lmvc for 
No. 2, pure iron 99.863 per cent.; for No. 3, pure iron 99.220 ; ami for 
No. 4, pure iron 98.605 ; giving- a mean of 99.220 of pure iron in ihcse 
three samples of hoop L. 

Now, by Mr. Riley’s analysis, we have only two testings of the 
Bessemer malleable iron gun, the first giving 99.893 per cent, of pure 
iron, and the second one 99.787, a mean of 99.840 per cent of pure 
iron, or 00.011 more than Dannemora bar. 



.Since tlie Dniinemora iron mines achieved tliuir deservedly high 
eejniintion,^ many new mines bml come into operation in Sweden, at 

that I had analysed for my special use, and thus discovered that some 
of them were producing pig-iron of extreme purity. Thus I was enabled 
to make malleable iron or steel of the highest quality from Swedish 
pig, costing, delivered in Sheffield, £6 1 Os. to £7 per ton, and yielding, 
from my converter, ingots of cast steel of great purity at a cost of 
less than £10 per ton, fully equal to that made from Swedish bar 
oostiug £30 per ton, such bar being onlr the raw material for the old 
crucible process of making steel. 

From a consideration of these facts, it will be readily understood 
how we could produce cheap high-class tool steel, while for general 
uses we had obtained native pig-iron—“Bessemer pig”—smelted with 
colre, admirably adapted for the production of steel for all structural 
purposes, for which it was in every way superior to the highest brands 
of iron previously known in this country. 

I had no sooner arrived at these results on a commercial scale than 
I again put myself in communication with Colonel Eardley Wilmot, 
the Superintendent of the Royal Gun Factory at Woolwich Arsenal, 
for I had never lost sight of the original object of my research— 
a metal suitable for the construction of ordnance. It was; in fact, this 
idea that had led, step by step, to the discovery of my process, I 
was the more pleased to communicate these facts without delay to the 
authorities at Woolwich, because,^ in the person of Colonel Eardley 
Wilmot, I found a zealous officer, who took the deepest interest in any 
improved materials or processes that could be advantageously employed 
in 'the founding or construction of ordnance. He, fortunately, had no 
pet schemes of his own to promote, and was neither a patentee nor a 
private manufacturer: he was, in fact, an officer whose sole aim and 
ambition was to arrive at the highest perfection and development of 
the department over which he so ably presided, wholly without reference 
to the sources from which such improvements were derived. 

It was now many months since I had reported myself at Woolwich, 
but on my communicating the fact that, wo were commercially successful 





iu producing both pure and malleable iron in masses, and. steel of any 
degree of carburisation that might be desired, at a price far below that 
of the best bar iron-, and in masses of almost any assignable weight, 

■ the information immediately riveted Colonel Wilmot’s attention. His 
old hopes of having a superior metal for guns seemed suddenly to revive, 
and he became deeply interested in all that I had to communicate. 
After a very protracted discussion, I left with a promise to send him 
several different qualities of our steel for analysis, testing for tensile 
strength, etc. 

These investigations at "Woolwich lasted over a period of several 
months, during which time I frequently called to see Colonel "Wilmot, and 
sometimes to see Professor (afterwards Sir Frederick) Abel,® who was at 
. the head of the chemical laboratory, where a great number of analyses 
were, from time to time, made and communicated to me. Many interesting- 
tests were also made , by drawing down a portion of an ingot first, to 
two-tenths in additional length, and then to" four-tenths, and so on. 
Some portions were elongated to five times their original length, each 
piece being tested to show tlio true amount of increased strength given 
to it.by additional forging and elongation of the bar. In fact. Colonel 
Wilmot left no stone unturned to arrive at the actual facts of the case, and 
a full knowledge of the strength and properties of the new material. 
Some of the tests above mentioned have been lost, but I have still 
twenty-nine well-authenticated records showing- the extreme tenacity 
and toughness of the metal. On one occasion I happened to remark 
to Colonel Wilmot that" such was the extraordinary ductility of oiu- 
cast malleable iron and" mild oast steel, that I had no doubt a thick gun- 


tube might be collapsed, and 1 
- hammer, whilst perfectly cold, 
or burst open. Coloiiel Wilmot 
numerous proofs he had had o 
no material could possibly lirnh 
“Well,”-I said, “it will be a 
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Mr. Sidney Herbert, listened to nil this, and remarked that it wa*» 
.'i loehniral question which ho w»s not prepared to deal with at that 
moment; but said that lie would give the whole matter his most earnest 
attention, and that I might cal] on him that day week to hear his reply. 

1 waited impatiently for this second interview, in full confidence that 
Colonel Will not, and other heads of the chemical and testing departments, 

1 had made, and would have given him such proofs in favour' of mild 
Bessemer steel as would at once have secured me the contract to erect at 
Woolwich the converting apparatus which Colonel Wilmot was so anxious 
to sec in practical operation there. But Mr. Herbert did not examine 
or consult Colonel Wilmot, who could have told him all about it. He 
made no enquiries at the testing or other departments at Woolwich, nor 
did he take the trouble to. look at the flattened gun-tubes, and other 
proofs, which would have irresistibly convinced any man of ordinary 
capacity and intelligence that this material was, at least, well worthy 
of being put to a practical proof in the interests of the State, by the 
immediate construction, of a gun. He informed me that he had consulted 
Sir William Armstrong, who, he said, had at once declared that “ steel 
was wholly inapplicable to the construction of ordnance;and who, if 
Mr. Sidney Herbert’s statements were true, had succeeded in convincing 
him that it would lie a waste of time and public money to put up the 
Bessemer apparatus at Woolwich. It was quite evident that Mr. Sidney 
Herbert had made up liis mind to fling to the winds all the labours and 
trials of Colonel Wilmot, and at the same time to utterly ignore me and 
the expense and trouble to which 1 had been put. The strongest 
protest on my part at this injustice, and my urgent request to have 
my process tried, failed to move Mr. Sidney Herbert one iota from his 
firm resolve to keep me and my process out of Woolwich, and to allow 
Sir William Armstrong, with his immensely more expensive welded iron 
gun, to have the field to himself. There was nothing for it but to 
submit, and I retired from this interview in deep disgust with Mr. 
Herbert and his arbitrary .proceedings. 

The event just recorded, although it had the effect of closing my 
connection with Woolwich Arsenal,'did not in any way determine the 





fitness or otherwise of mild Bessemer steel for the construction of 
ordnance. I feel bound in honour, and in justice to my own name, to 
vindicate, not by mere words, but by an array of well-authenticated 
facts such as no intelligent person can lessen or deny, the perfect adapt¬ 
ability of this discarded material for that purpose. 

It trill be remembered by my readers that Bessemer steel, which 
is now used, and its value acknowledged, over the whole civilised world, 
was the direct outcome of my investigations in search of a more suitable 
metal than was at that time employed in the construetion of ordnance. 
It is my present purpose to show that I had succeeded in attaining the 
result which I sought, and thus not permit the mere assertion of one 
man to obliterate from the page .of history the fact that I originated a 
process and produced a material which, at the time the experiments 
were made by Colonel Wilmot at Woolwich, and for twelve years after 
that .period,* and consequently during the whole tenure of office of Sir 
William Armstrong at Woolwich, stood unrivalled as a material for the 
construction of ordnance. Ho other known process could, at that period, . 
produce steel with such marvellous rapidity, and at such an enormous 
reduction in price; no other known method could produce in large 
masses steel of such a degree of mildness as to pass, by almost imper¬ 
ceptible gradations, downwards until it became soft iron; nor did there 
exist any other known process by which large masses of almost chemi¬ 
cally pure iron could be produced without, weld or joint, t 

Many persons who are not intimately acquainted with the early 
history of Bessemer steel have fallonjnto great error, and honestly believe 
that the Bessemer process was -in itself uncertain and incapable of 
perfect control, and that the excellent material commercially produced 
at the present time has been the result of a long succession of improve- 

on by incontestable proofs. No doubt all popular beliefs and prejudices 




bare some real, nr supposed, good reason for their origin, and this 
particular popular error was, 1 admit, the outcome of circumstances only . 
too well calculated to give rise to, and perpetuate, such a belief. The 
Bessemer process was sprung upon the iron trade suddenly, and in 
» it rere, it excited tile wildest hopes and the direst 
apprehensions. But it was very soon afterwards discovered that with 
ordinary phosphoric pig-iron it failed to produce iron or steel of any 
commercial value. It is almost impossible at this distant period to realise 
the sudden revulsion of feeling which then took place, and the utter 
disbelief in the whole scheme which followed, and, passing beyond all 
reasonable bounds, has not, eveu at the time I am now writing, entirely 
disappeared. When, after the labour of two years, I bad succeeded in 
making “ Bess'emer Pig ” from British hematite ; when from that pig I 
had pr oduced steel of excellent quality for all structural purposes ; when 
I had manufactured a high-class tool steel from Swedish pig ; and when 
also the tipping vessel was invented with the ladle provided with a 
bottom valve, the conical mould, and the hydraulic crane; when, in fact, 
the general system of the present day was a proved commercial reality 
at my own works in Sheffield; then, and not till then, did I again 
bring my process before the trade, when it still met with blank 
incredulity and distrust. But this time I was backed with proofs 

that could not be denied, for there, ill the town of Sheffield, in the 
very heart of the great steel industry of the country, stood the Bessemer 
Steel Works, in daily commercial operation, underselling the old-established 
manufacturer, who still resisted its encroachment and obstinately refused 
to believe ill it. But the temptation to the ironmaster to become a 
steel manufacturer at then existing prices was very great, and the adapta¬ 
bility of the process to the manufacturer of rails was self evident. Bail 
mills and steel works were established by people who had no previous 
knowledge or experience of steel and its peculiarities, and, wliat was still 
worse, there was not a manager or foreman, or even an ordinary workman, 
to be found who had any knowledge whatever of the new process. As 
an instance of this difficulty, I may mention a case in point. A very 
handy carpenter, whom I had employed to assist in the works, had 
acquired a certain amount of routine knowledge of the process. This 







made him a valuable man, and one of my licensees who bad adopted 
my process bid a high price for this small amount of practical knowledge, 
and engaged this carpenter’s services, under a five years’ agreement, at 
£5 per week. It is only fair to say tha.t he was quite worth it. 

Thus it happened that those ironmasters who had adopted my process 
had to struggle against difficulties quite unknown m anv old-established 
trade. Need we wonder, then, that the quality of their steel sometimes 
- differed from day to day ? 

The ironmaster had been in the habit of making bar iron from 
every kind of pig, and he could not realise the fact that good steel 
by my process Could only be made from a special quality of iron. This 
he did not like to buy from other makers; in those early days he did nor 
fully understand how to make it himself, and hence he would use inferior 
hematite iron, or mix some of his own phosphoric pig with it, to eke it 
out and lessen the cost. The bad results so produced were all set down 
to the uncertainty of the Bessemer process ; nor did the extreme jealousy 
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of some test specimens, to which I have already alluded, 
representing three out of four pieces of gun-tube tested at Woolwich, 

. two of them made of mild steel, and the others being nearly chemically 
- pure iron. It will be remembered that these cylinders were made at 
■iby works at Sheffield, and were crushed flat, in the preseuce of Colonel 
Wilmot and myself at Woolwich, while cold, under the heavy blows 
.. of a large steam hammer. In order to give a correct idea of the nature 
and appearance of these crushed gun-tubes and hoops, I refer uiy readers 
to the photographic reproduction, Fig. 49. The specimens illustrated 
were made of Bessemer hematite pig-iron, converted into steel by the 
Bessemer process, and of a quality precisely the same as we were, at 
that- early period, daily using in the manufacture of railway-carriage 
axles, pistomrdds of steam engines, and other general machine forpinp-s. 

In the illustration, A represents a portion of a gun-tube for a 
rifled gun, machined and finished ; B is one of these pieces, flattened, as 
shown, and C is a larger hoop, crushed flat with the liearw blows of 
the steam hammer. The two sides where the bend takes place are 
immensely stretched' on the exterior surface, and also greatly compressed 
on their inner side, but at no point does the metal exhibit the smallest 
trace of fracture. The dimensions of these specimens will be readily 
seen by reference to the two-foot rule photographed with them. These 
examples of the toughness and endurance of Bessemer mild steel, after 
being subjected to violent and sudden strains, were exhibited in mr 
large glass case at the International Exhibition of 1862, and must have 
been seen by hundreds and thousands of persons. When one reflects 
on the extent and prominence of my exhibit, covering an enclosed area 
of 1,225 square feet, and surrounded by a counter of more than 100 ft. 
in length, covered with steel exhibits, and having a 24-pounder gun 
forging on a pedestal at the central entrance, and an IS pounder finished 
gun in the large central case, it is difficult to believe that this gun-hoop 
and these crushed gun-tubes were not soon during the time of' the 
Exhibition by every engineer in London, and by every employe at • 
Woolwich Arsenal, as well as 'by our Minister of War, wlu. with a 
light heart excluded Bessemer process from Woolwich. 





louk .it these marvellous proofs of the toughness and power of extension 
and distortion of the metal, and not he convinced that such a material 
was pre-eminently suited for the construction of ordnance. The two 
similar crushed cylinders which I gave to Colonel Wilmot were greatly 
prized by him, and wore kept as trophies, with several other experimental 
proofs, on the writing-table in his private office at the Arsenal, where 
I saw them on several occasions prior to his vacating the office. 

I may mention that when Colonel Wilmot inspected my Sheffield 
Steel Works, he happened to see on the scrap-heap a large mass of 
Bessemer malleable iron, which he wished to have for the purpose of 

oil May 24th; 1859, speaking of Bessemer iron and steel at a meeting of 
the Institution of Civil Engineers, he referred to this piece of iron during 
the discussion, and stated that a cylindrical piece of Bessemer pure iron, 
when only extended -by forging to twice its original length, had a 
tenacity per square inch of 28 tons 13 evvt. 1 qr. and 2 lb., a tenacity 
which it possessed m all directions alike, as against the best Yorkshire 
iron, which was usually credited with a tenacity of 25 tons in the direction 
of its length, and very considerably less across the grain, even after 
being rolled and piled and again rolled into long bars. These bars, 
when w-elded together to form a large forging of any kind, will 
never afterwards possess the strength of the original bar, by two or 
three tons per square inch. The analysis given by Colonel Wilmot was 
issued from the Chemical Laboratory of the War Department, and can 
be fully relied on as showing that no impurity but sulphur existed in 
the specimen analysed in sufficient quantity to estimate, while no 
spiegeleisen or manaanese was used m its production. (This metal 
was converted from Swedish pig.) 

Colonel Eardley Wilmot’s remarks are herewith reproduced from the 
Proceedings of the Institution of Civil Engineers. 
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***£• Qb the closing of the Exhibition of 1862, I presented this cup to 
"©JvPercy, who placed it in the gallery of the Geological Museum in 
.. - Street, whence it was, many years ago, transferred to the South 

' -^eBsington Museum. The Curator liindly allowed mo to have a photo¬ 
graph taken of it, and from this photograph the engraving on Plate XX. 
has been made. , 

.• Since writing the above, I have called to memory an earlier date 
on which one of these deep cups was exhibited. I refer to the occasion of 
Sir. William Armstrong’s visit to Sheffield, as President of the Institution 
of Mechanical Engineers, which held, its summer meeting there on 
Jul^ 31st, 1861 ; in proof of this I refer to the copy of my Paper 
as printed and issued by that Institution. In the Proceedings of the 
Institution the Secretary interpolated, between the reprint of my Paper 
and tiie report of the discussion thereon, the announcement which is 
here reproduced. 

ItTBewemer exhibited an 18-pounder gun made of the Bessemer steel cast in a single 
ingot of the required size and 'subsequently hammered, with a variety of specimens of the 

flanged for a locomotive firebox, and a plate bulged in a die without cracking or tearing; a 
plate of thin metal punched with a nmnhor of small holes very close together, mid a tube 
of the metal which had been crushed flat without the surface of the metal crackiug. He 
showed also one of the fireclay tuyeres nsed for blowing the melted metal in the converting 



of the fracture” should have been described as “specimens crushed to 
show the toughness of the steel.” “A plate bulged in a die" is the 
deep cup made from a flat piece of boiler plate 27 in. diameter, and 
already mentioned as being illustrated m Pig. 5(5. Plate XX. The tube 




similar to the crushed gun-tubus so many years exhibited in the South"'.' 
Kensington Museum, and now m the possession of the Iron and Steel - 
Institute. Kgs. 57 to 60, on Plates XXI., XXII., and XXIII., show ^ 
other specimens exhibited at the meeting. 

cannot fail to convince any unprejudiced person that in these”early days- ■■ 
of the Bessemer proocss all those manufacturers who understood it, ant?* 1 " 
took the amount of cave which is necessary in all properly-conducted , 
manulactumig operations, were able to produce steel of high quality wl® 
as great a degree ol regularity as is common with any other modes of *< 



production. I, however, cannot refrain from giving yet another instance - 
of the wonderful tenacity and endurance of tills metal when -subjected 
to the most violent strains. 

About the . year 1862, a Mr. Thompson, of Bilston, took out a 
patent for a novel and ingenious mode of manufacturing Enfield rifle- 
barrels, and after many trials he chose Bessemer mild steel as the material 
most suitable for this purpose. Our works at Sheffield supplied him 
with large quantities of mild steel, in the form of round bars 3 in. in 
diameter. These were afterwards sawn into lengths of about 6 in., and 
when made red-hot were placed on end under the steam-hammer, which 
carried a cylindrical steel punch of 1 in. in diameter, having a conical 
end resembling an armour-piercing shot, ns shown in Fig. 61. The 
hammer a had projecting from it the punch B, beneath which was placed 










afterwards finished in the usual way. The severe test to which these mild 
steel : barrels were subjected at the Proof House, Birmingham, is shown 
in -the annexed' tabular statement, wlueh is taken from 'a Paper read 





With these examples of the extraordinary toughness and tenacity 
of both pure Bessemer iron and Bessemer steel, no one, with any knowledge 
of the violent strains to which the test pieces were subjected, can doubt 
the fact that'between the copper-like toughness of the pure Bessemer 
iron, and the great tenacity of the more highly carburised steel which we 
were at that time supplying to engineers, for making every description of 
cutlery and cutting tools, there did exist, and could easily have been 
found by trial, the precise quality of steel most suitable for the construc¬ 
tion of ordnance. It must be borne in mind that it was not until 
some ten years later, that is, in the year 1869, that any Siemens-Martin, 
or open-hearth steel, was made, and consequently that the only varieties 
of cast-steel then available for guns were crucible cast-steel and 
Bessemer oast-steel. The fact must also be recognised that both the 
difficulty and the cost of producing large masses of crucible steel 
increased greatly whenever the metal was required to be of the very 
mild quality known as low- carbon steel, which is most difficult to fuse 
in crucibles, as well as to retain ill fusion during the time occupied ill 
filling a lame mould from hundreds of separate small vessels. Hence 
the strong temptation the steel manufacturers had to supply a 
more carburised, and consequently a more easily fusible and less 
tovyh, steel than was specified; while the price of this crucible steel 
was greatly augmented as the moot became larger, increasing to over 
f 100 per ton. It is equally notorious that not one of these disadvantages 
applied to the Bessemer metal; it was, in fact, cheaper to produce a single 
mass of 10 or 20 tons in weight than to make the same weight in a number 
of small batches of 3 tons to 5 tons. Nor was-there any greater difficulty 








5 tons pel- square inch greater tensile strength than LoWnott 
prnvecl by Colonel WiJmot’s experiments at Woolwich Arsenal 


I should like to say a few words here about the broad distinctive 
characters of the two materials, wrought or bar-iron, and cast homogeneous 
iron or steel. I need scarcely remind the reader that bar-iron -making 
begins with the process of puddling, which produces a ball or mass of 
iron that, in every ease, is mechanically mixed with fluid scoria, and 
sometimes with sand and dry oxide or iron scale. From this crude. 
material, puddle bars are made, and these are cut into lengths of 2 ft. 
or 3 ft., ancf formed into a bundle or pile, which is brought up to a 


This process of rolling and pilmo is repeated more than twice, and a bar 
is in this way produced, which to the eye appears, and is supposed, 
to have all its separate parts welded or united so as to form an undivided 
and indivisible mass. But this is not so. - I have never seen a bar of 
wrought iron produced by puddling that, in two or three minutes, by 
a very simple treatment, I could not separate more or less perfectly 
into its component bars, which are in reality never thoroughly united, 
although they adhere more or less soundly. In fact, so imperfect is this 
adhesion called "welding,” that whenever bar-iron is worked under the 
hammer, it is necessary to forge it at such a degree of heat as will 
continue the welding process; for by working it much below this • 
temperature, the imperfectly coherent mass begins at once to separate 
at all the junctions between the several bars of which it is composed, 
and tumbles to pieces. 

I will describe an experiment clearly illustrating this fact. Two 
pieces of ordinary commercial bar - iron of 1 in. square were heated 
to a blood-red heat, and put under a small steam-hammer, where they 

disintegration of the mass, as shown in Fig. 62, Plate XXIV. The lower 
example was similarly treated on alternate angles, instead of on the flat 
sides. It may be supposed that the far-famed Lowmoor and other 

















hy so competent a poison as Colonel Eardley Wilmot. Although I saw 
that there was an almost endless variety of applications in industiry io 
which this cheap and superior metal could bo advantageously applied, 
I nevertheless felt a strong desire to see it used in the manufacture 
of guns. Its summary rejection at Woolwich, however, without even 
a trial, furnished me with yet another proof of the utter foolishness 
of relying on Government, and made me throw up all idea of following 
that branch of manufacture as a speciality. With a still lingering desire 
to put my material to the test of gun-making, I had looked pretty deeply 
into the subject, in order to see what had already been done by others, 
and how far the road was still open to me as a gun-manufacturer. 
On searching'at the Patent Office I found the specification of Captain 
Blakeley, dated February 27th, 1855; in this specification, Captain- 
Blakeley described his invention as consisting of certain improve¬ 
ments in the construction of ordnance, in which an inner tube or 
cylinder of steel, gun metal, or cast iron, was enclosed in a case or 
covering of wrought iron or steel, which casing was made in parts, 
either shrunk on to a cylindrical tube, or forced cold on to a tube, the 
exterior surface of which was slightly conical, so as, m either case, to 
tightly grip the inner tube, adding materially to its strength and power 
of resisting internal pressure. This casing, whether made of cast-iron 
or steel, might itself be further supported or strengthened by one or 
more outer layers of rings or hoops, also put on under tension. Here 
we had clearly and distinctly laid down the vital principles embodied in ail 
modem built-up guns, in this and in other countries—that of external 
compression of the inner tube by an outer one; and, unless it can be 
shown that this patent of Captain Blakeley was anticipated by a prior 
invention, he must stand before the world as the originator and father 


of modern built-up artillery. From this patent I saw at once that it would 
be impossible for me to manufacture built-up guns having an internal 
steel lube, without direct infringement. Captain Blakeley, at this early 
period (February, 1855), had the sagacity to see that a steel tube or lining 






greater cohesive strength, but also because of its greater hardness and 
power to resist the severe abrasion of its inner surface, caused by the 
sthdfMm the projectile moving along the rifled grooves under immense 
lataraf pressure. Although he knew that steel was the best possible 
material for the lining of the gun, he, nevertheless, thought it prudent 
~ tl > “l 80 the use of gun-metal and cast-iron, lest he should have 

his invention evaded by the substitution of either of these last-named 
homogeneous metals. He, however, evidently thought it unnecessary 
to guard himself against the possible evasion of his patent built-up gun 
by the substitution of a welded wrought-iron tube in place of a homo¬ 
geneous steel one. This doubtless arose from his knowledge of the great 
inferiority of wrought-iron, as compared with steel, for such a purpose, 
and also from his practical experience, as an artillerist, of‘the searching 
and highly corrosive nature of the intensely-heated powder gases, which, 
sooner or later,- find out and deeply corrode the numerous imperfectly- 
welded joints inevitable in a wrought-iron gun tube. 











was the subject of the deepest interest and most careful examination 
by intelligent engineers in every State in Europe. , 

.. In the early part of the year 1859, the Bessemer Steel Works at 
Sheffield had regularly embarked in the manufacture of high-class 
steel for tools, and also for cutlery. For this purpose I had investigated 
the whole question of the supply from abroad of pure charcoal pig-iron, 
and had practically tried the famous Algerian iron from B6ne and other 
mines, and also Indian, Nova-Scotian, Styrian, and Swedish pig-irons. 
Among the latter; I found on analysis, to my astonishment, that certain 
brands of charcoal pig, which, when delivered in Sheffield, cost only 
£6 to £7 per ton, were, when decarbonised by my process, superior in 
purity to some of the highest brands of Swedish bar-iron, costing in 
Sheffield from £16 to £24 per ton. One Swedish brand 'of pig-iron in 
particular, costing £6 10s. delivered in Sheffield, was capable-of making 
malleable iron by my process more pure than the far-famed Danemora 
L bar-iron, worth £30 per ton in Sheffield, and with which particular 
brand the small malleable iron gun which I exhibited in May, 1859, 
at the Institution of Civil Engineers, was made. The analysis of this 
by Mr. Edward Riley has already been given (page 182 mile). 

It will be conceded that if we obtained malleable iron of this extreme 
purity by my process, steel of very high quality could also readily be 
produced from that particular class of pig-iron. 

Thus fortified ■ by practical working and by actual analysis, and 
also by the purchase of a large consignment of this pure charcoal pig, 
we laid ourselves out at the Sheffield works for the production of high- 
class tool steel, which we put on the market at las. or 20s. per 
hundredweight below the ordinary trade prices for this article. My 
process, so admirably adapted for the production of large ingots, was not 
so well fitted to make a great number of the 2J in. 
generally used in tlie Sheffield steel trade for tilting into small bars, 
which particular size of ingot had all its long-established trade rules 
and prices connected with it. So we determined to convert our pig 
into steel ill large quantities, and to pour the converted metal into, an 
iron cistern filled with water, in order to granulate the whole charge, 
and avoid all costs of moulds, casting, etc. By this means, and by the 






production ol steel ol‘ any desired tamper, or degree of oarhuration, 
e itli oil accuracy wholly unattainable by the old crucible system. For 

days, in a very large closed box or chamber, to the action of charcoal \ 
powder at a high temperature, during which treatment the iron bars aKSorb' ! 
about one per cent, of carbon, more or less, dependent on time and • 
on temperature. The amount of absorption depends also on the relative .V 
positions of the bars in the converting-box ; hence, when the bars are 
thus converted into blister steel, it is almost impossible that the ends 
and the middle of any particular bar should he equally carburised, 
or that bars occupying different positions should absorb an equal 
quantity of carbon. After the withdrawal of the bars from the 
converting - chest, they are broken into short pieces for the melting i 
crucible. Now the only mode of telling how far each piece of the broken 
bars has been carburised is to examine the crystalline fracture by the 
eye, and thus class and assort the various fragments for each quality 
of steel. It is wonderful how accurately a clever practised steel melter 
will judge of the state of oarhuration of the metal ; but his judgment, 
after all, can only be approximate. Such visual determination is not 
like measuring or weighing the constituents of a mixture. Crucible steel 
is made in separate pots of from 40 lb. to 50 lb. each, and the steel 
maker cannot afford to make forty-five separate quantitative analyses 
of every ton of steel he turns out. Even if he could do so, after he 
had made the metal into ingots, he would not be more secure, since he 
could not alter the ingot when once cast. As a matter of fact, the 
precise degree of carburation of each 50 lb. of steel produced in the old 
crucible process depended on the judgment of a man looking at the 
crystallised fracture of each piece he put into Ins ciucible, and all 
must agree that it is highly creditable to those engaged in this mere 
guesswork that they got as near as they did to the quality required. 

In the manufacture of tool steel, on the system which I laid down 
at my Sheffield works, up entirely eliminated this source of inequality, 
by dispensing with ocular examination of a crystalline fracture, which 










CHAPTER XVI 


BESSEMER STEEL GUNS ' ' --'T 

T HE course of events now brings me to an incident connected with 
Woolwich Arsenal, which I would fain pass over in silence, but,' 
if history is to be written at all, the historian must speak the truth. 
In 1859 the firm of Henry Bessemer and Company, of Sheffield, had 
qualified themselves to receive proposals to tender to Woolwich Arsenal, 
for the supply of steel for cutting tools, and on June 3rd of that year, 
we tendered unsuccessfully, under a form of contract sent by the War 
Office, at the same price as we were obtaining from several first-class 
engineers—namely, .£42 per ton, the ordinary trade price in Sheffield 
for such too) steel varying from £50 to £60 per ton. We tendered 
again for another lot of tool steel on July 8th, at £40 to £42 per ton; 
again our offer was not accepted. We tendered also on September 5th, 
at. prices still lower; viz., from £32 to £40 per ton; and again, on 
September 7th, for some bars at £40, and for some (the greater part) 
at £32 per ton. But this low tender also failed to secure us the order, 
and, as we could make the highest quality of tool steel by my process 
from Swedish pm-iron at an extremely low cost, we were determined 
on the next occasion to get the order, or know the reason why. On 
December 7tli, 1859, forms of tender were sent us for two different sizes of 
steel bars, and we quoted as low as £20 per ton for each of them ; our 
tender was then accepted for the first time, and we commenced at once to 
make the steel. Bars of each quality were carefully tested by us in 
our own works, so as to prevent the possibility of a single bar being sent 
out of any but the very highest quality, my managing partner 
personally taking charge of these special tests. This rigid inspection 
at our works was considered by our firm to be absolutely necessary 
in this ease, because we felt assured that our former tender of £32 to £42 
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On my pointing out .the absence of octagon steel in the contract, the 
gentleman touched the bell, and told the messenger to send the store¬ 
keeper to him.. On the arrival of. this person, his chief said : “ I told 
you to make a dozen octagon chipping chisels, m order to test the 
Beaaemer steel, and now I find that we had not ordered any; what 
did you do?” “Oh,” said the man, “ I gave out one of the larger bars, 
and lt$d it 'drawn down to octagon, and brought you the chisels.” 
Now, the nearest bar in size in the whole list that could be made into 
J-in. octagon bars was in cross-section 3 in. by 1} in., or more than six 
times the area of the -J in. octagon chisels made from it, and it was, as 
the fractures showed, of much too hard and highly carburised a quality 
to .be made into chipping chisels; not to mention the damage it 
must have received from the excessive heating in a common black¬ 
smith’s forge. Instead of being tilted down to the proper size, as 
in a steel works, it was worked with a smith’s hammer by an ordinary 
blacksmith, and not a steelsmith—a fact in itself enough to endanger 
this highly carburised steel, which must not be overheated or " burnt.” 
Hence it must be clear that this so-called test of the quality of 
Bessemer steel,. supplied . under this contract, was, even in the 
ease of chisel, steel, no test at all of its quality. Under these 
circumstances, any fair and impartial person would have apologised for 
such a gross mistake and wholesale condemnation, aud would have 
said that the other bars should be carefully tested as to their 
suitability for the several purposes for which they were required. But, 
on the contrary, the chief, who never even pretended that any other 
tests had been made, insisted on condemning the whole of the bars 
embraced under this contract. I said : “ I will take bade the steel 
which you have power under the words of the contract to reject so 
unfairly, and will wash my hands of Woolwich for all time; but 
lot me tell you that, having condemned this steel, it is your 
duty to your employers to purchase an equal quantity of some other 
manufacturer, and make our firm pay the .£30 to .£10 difference in 
price. But this is just what you dare not do, because I should resist 
such a claim, and that would, bring the question into a Court of Law, 




of this steel was returned to our- Sheffield works. We were at that 
time regularly supplying this kind of too) steel to the most eminent 
engineers in this country, among whom may he mentioned Sir Joseph 
Whitworth, Moaflrs. Sharp, Stewart and Co., Sir William Fairbaim, 
Messrs. Beyer, Peacock and Co., etc., who paid us £42 per ton'for the" 
same quality for which we had quoted £20 per ton in the Woolwich 
contract, in order to force the Arsenal authorities to accept it. Every 
bar of this steel, so shamefully rejected at Woolwich, was marked 
in the centre by a special punch, and sent as required to the eminent' 
firms above referred to, and not one of the bars was ever returned to 
us or complained of. 

In contrast with this summary rejection of Bessemer steel at 
Woolwich, I may mention that we had, during the time when Colonel 
Eardley Wilmot was Superintendent of the Royal Gun Factory, supplied 
him with tool steel, which had given him every satisfaction. Indeed, 
he was so pleased with it that, during the discussion which followed 
the reading of my paper on May 24th, 1859, before the Institution of 
Civil Engineers, he incidentally made the remarks which I reproduce 
below from the printed Minutes of the Proceedings of the Institution. 



So exceptionally heavy were the cuts and sizes of the shavings he 
referred to, that he placed on the table a box full of them, to show 
their unusual character. 

In the latter part of the year 1859 important changes in the control 
and management of the Arsenal took place, and on November 4th 
Sir William Armstrong was appointed " Superintendent of the Royal 
Gun Factory for Rifled Ordnance.” It was on December 7 th of the 
same year that Henry Bessemer and Company, as one of the authorised 










63,591 lbs. as the least, and 73,100 lbs, as the highest proof for boiler plates Jths of an inch in 
Moor, or Eowlmg iron boiler plates, than those plates possess above the ordinary quality 

Here there is proof that Bessemer iron plates, tested at Woolwich 
Arsenal by Sir William Armstrong’s immediate predecessor in office, 
gave an average tensile strength of 68,314 lb. per square inch = 30-1,- tons, 
quite five tons over the best Yorkshire plates. Also, the fact is 
demonstrated , that this superior iron could be made from Swedish 
charcoal pig iron at about one-half the cost of Yorkshire iron bars, and 
that it could be made with great rapidity into masses ot any form oi 
several tons in weight without welding. 



It will be interesting to those who are watching the advancement of the new process to know 
that it. is already rapidly extending itself over Europe. The enterprising firm of Daniel Elfstand 
and Company, of Edsken, who wore the pioneers in Sweden,'have now made several hundred 

it perfect. ' The large steel circular saw-plate exhibited was made by Mr. Goransoit, of Gefic, in 

blast furnace." In France', the process has been for some time carried oil by the old-established 
firm of James Jackson and Son, at their steel works, near Bordeaux. This firm was about to 
to the manufacture of puddled steel, and indeed had already got a puddling 

■•p. for till! express purpose of carrying out the new process. The long and well-earned 

id steel produced bv this process. The French samples of bar steel exhibited were manu¬ 
red by this firm. Belgium is not much behind her neighbours in the race, as the process 
•inc* put in operation at Liege. 'While in Sardinia preparations arc being made to carry 
t.n nflpoi. I’.nssin 1ms se.nt t.u London an engineer and a professor of chemistry to report 
„> pt'.,r.o«« nnd pmf«s<;nv M»llnr, of Vienna, and M. Dumas and others, from Paris, have 


These facts will serve to show how, on the Continent of Europe, 
the fame of this new metfd was spreading, and its manufacture extending. 
It will he seen from the foregoing that Colonel Wilmot fully 
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corroborated what I have previously stated, and gave the results of 
some experiments of his own with a mass of iron he happened to see 
lying with other waste scrap at my works at Sheffield. This mass of iron 
(see page 196 ante.) he desired to be sent to Woohvich, and from it were 
cut the two cylindrical pieces which he described to the meeting; he 
proved that Bessemer pure iron, only slightly hammered, showed in the 
proving-housea tenacity of 64,42G lb., or 28.76 tons per square inch. 

Another year or more slipped away, almost unnoticed in the 
ardour and excitement created by the rapid development and progress of 
my invention. Our own works were crammed with orders for locomotive 
doable-throw cranks, which had hitherto been exclusively made at 
Lowmobr, or at some other of the justly-celebrated Yorkshire ironworks, 
but which were now being constructed of Bessemer steel. 'We were also 
busy with plain engine and carriage axles, marine engine and screw- 
propeller shafts, steel guns and gun blocks, locomotive engine and 
carriage tyres, etc. Our works were daily engaged in superseding 
welded Lowmoor tyres, and we were turning out, as fast as the mills 
could roll them, mild steel weldless tyre-hoops from 4 ft. 6 in. to 5 ft. 
in diameter, to be shrunk on to locomotive engine driving-wheels, and 
also 3 ft. tyres for carriage wheels, of which many thousands were 
ceaselessly running on our railways. All these hoops were tightly 
shrunk on to the wheels with a firm grip, just in the same manner as 


hoops are shrunk on to built-up guns. These 
daily responsible for the lives of tens of thousi 
immediately above them. Every train of twe 
have a hundred of these steel tyres support) 
wood and iron, and their still more valuable iiv 
the steel rails at a high speed, and tending. »y 
heavy pressure at a single point of their cm 
rail, to become elongated and loosened from 
which this strong elastic steel most successful! 
borne in mind that the loosening of this firm g 


of hoops wen 
if nasser 






at intervals of many years, or, perhaps, never be used at all. That 
these thousands of Bessemer steel tyres did not fail in "constant 
service, and did not lose their grip upon the wheels, famished no 
proof to those obtuse intellects wbo could only recognise the virtues 
of welded iron. Bessemer steel hoops, so extensively used with the fall- 
sanction of the eminent engineers of our British railways, found, 
however, no favour at Woolwich or at Elswiek, They were', nevertheless, 
employed by Captain Blakeley, the original inventor of built-up guns, 
and also by the Blakeley Ordnance Company of London, for the tpanu- 
facture of built-up guns which were being made for Russia, and other foreignr - 
governments, while Woolwich and Elswiek were rapidly manufacturing 
welded iron guns with welded iron hoops, for home use. ' ^ 'C' 

As a practical proof of how far weldless steel tyres would resist 
fracture under the most severe trials, a locomotive engine-tyre, turned 
and finished, was placed up on edge under a steam hammer, and received 
blow after blow until its two opposite sides touched each other, when 
its elasticity again allowed it to spring back a few inches. This large 
tyre was thus formed into a long flat loop (see Fig. 65, Plate XXVI., in 
which its dimensions are indicated by the foot-rule lying in front of it). 
With all this ill-usage it showed no sign of cracking or fracture. This 
tyre has for the last thirty-five years been exhibited in South Kensington 
Museum, and is undeniable evidence of the toughness and endurance of 
Bessemer steel under the most violent and abnormal strains. It also affords 
a good example of the tough mild steel manufactured at our Sheffield 
works at that early date. 

In the summer of 1861, the Institution of Mechanical Engineers 
held a provincial meeting at Sheffield, and, as a member of this Institution, 
it was only natural that I should read a paper on the occasion of their 
visit to the tow'll where my steel works were located. I was still most 

manufacture of ordnance : for this, as my readers are aw are, was the 
express purpose to which I had devoted myself for so long a period, 
and striven so earnestly to accomplish. 

The fact that I had, succeeded in- making a siiecial mild steel, in 
every way adapted for the purpose, was proved by a report of the 
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Belgian Grovernment, which had spontaneously applied to me to make 
them a trial gun, thirteen months before the date on which I read my 
paper before the Sheffield meeting: a meeting which was presided over 
by Sir*'William Armstrong. This gun was made at our works, and 
4MW»%r , the Fort, at Antwerp, on the 16th June, I860, its receipt being 
fcSswrtedged in the following letter. 



Be pleased, Sir, to accept tlie assurance of my distinguished consideration. 


(Signed) Thu Mkbter or Was. 

This gun-block was bored and finished under military inspection, 
at Antwerp, and went through the regulation- proofs in a perfectly 
satisfaetory manner. It was afterwards determined to bore it to a much 
larger" eke, viz., 4.75 in. in diameter, suitable for 12-pounder spherical 
shots, and to fire larger charges of powder and to increase the number 
of shots, each of such additions being repeated three times, until the 
gun should at last give way, the charges of powder rising from 2 lb. 
up to 6f lb,, and the shots from one to eight. On firing the second 
round of eight shots the gun gave way, apparently by the over-riding 
of the spherical shot. 

I have annexed ah accurate scale engraving of the gun as altered 
to a 4.75 in. bore, suitable for 12-pounder spherical shot (see Fig. 66, 
Plate XXVI,). In re-boring, the gun was reduced to 9} cwt., only 
about ten times the weight of the eight shot, the thickness of metal 
at the breech being 2§ in, and If in. at the muzzle. In fact, it was 
little more than a mere gun lining, but it nevertheless ailbrdcd the 
most incontestable proof of the extraordinary endurance of this metal 
under conditions of extreme severity. Thi; fact that the Belgian 
Government should seek out a foreign manufacturer, and put this non 








and bored. A group of these test pieces is reproduced to a scale of 
half the actual size in Fig. 68, Plate XXVII., and this engraving- 
prepared from a photograph — clearly shows, how wonderfully these 
pieces bore the enormous strain due to the cold bending of so large 
a mass, the metal in each case bulging out laterally on the inside of 
the bend, and'contracting in width on the outside of it, thus supplying 
. the material forming the greater length of the outer surface. Notwith¬ 
standing this interchange of parts, not a sign of tear or breaking is 
visible in any one of their sharply-defined angles. 

Mr. A. L. Holley’s remarks on our steel guns, published in his 
book on Ordnance in' 1863, are subjoined, and form an independent 
testimony to their value. 



• As a point of special interest in connection with the paper I was 
going to read at the Sheffield meeting of the Institution of Mechanical 
Engineers, I determined to take strict account of the time occupied 
ill making, at my steel works, an 18-pounder gun, and to put the 
finished weapon on the table in front of the Presidential chair. By 
this means the Superintendent of the Royal Guu Factory at Woolwich 
could not help being placed in possession of all the facts am! arguments 
I was going to put forward ill luy paper, and which I intended should 
be illustrated with plenty of actual specimens. I have reproduced here 
pages 144 and 145 from tlie published Proceclimj* for 1861 of the 
Institution of Mechanical Engineers, in order to show what words 
Sir William Armstrong- actually heard, and what facts were brought 




(.0 hi* knowledge at that meeting, and also what mechanical proofs 
of the marvellous toughness of Bessemer mild steel were placed on the 
table immediate!}' in front of him. 










Sir William Armstohg had . thus another opportunity of seeing and 
trying, if he chose to do so, a quality of steel which he himself told 
the meeting that he had never tried ; a kind of steel that for constructive 
pur-poses had attracted the serious attention of the most eminent 
engineers in every country' of Europe ; a kind of steel invented and 
perfected expressly for the manufacture of ordnance; a kind of steel that 
was much sought, after abroad for military purposes, and from which 
I had, up to that period, made twenty - eight guns for foreign 
governments ; a kind of steel that coukl be made in masses of 5 to 
10 tons in less than half an hour, at a cost of £10 per ton, if 
made from pure Swedish charcoal pig-iron. These important facts were 
not new facts—they were known to thousands of people. But this was 
the one opportunity that was left, after many others had failed, when 
by jjree of circumstances, I had Sir William Armstrong before me face 
to face, and also in the presence of a public atrdience; and I there made 
him look at these things, and hear my statements, which were backed 
with substantial proofs on the table before him, such as could not. be 
denied or set down as exaggerations. But my efforts i 
fruitless. 

In the early days of the Bessemer steel manufacture, many persons 
who had no love for steel, and saw ill it a most formidable rival to iron, 
had with much perverted ingenuity raised a bogey to scare and alarm 
the uninitiated. They asserted that although many splendid specimens 
of steel were produced, the metal was very ,uncortam in its quality, 
and reliance could not be ’ placed oil it, as it had the fault of failing 





unexpectedly. Like all ether trade prejudices, or mere creations of'tSe 
imagination, this only required' looking at, steadily In open day, and in 
the light of well-ascertained commercial facts, to show how hollow and 
without foundation it really was. In fact, this crusade against steel was 
entirely unsuccessful in influencing engineers who took the trouble to, 
inquire into the real facts. It did not prevent the use of thousands 
of steel railway tyres, which, by their great superiority, rapidly dis¬ 
placed the Lowmoor welded tyres previously almost exclusively relied on. 
It did not prevent hundreds of steam boilers bennr made of Bessemer 
steel for private establishments, nor did it stand in the way of 
our locomotive engine-boilers being made of tills material, in place of 
the higli-class Yorkshire iron previously used for that purpose. Those 
clever people who set.up this bogey of “uncertainty” in the quality 
of steel, simply for self - protection, dared not assert that occasional 

who so strenuously advocated the building up of heavy masses- of 
wrought - iron could not pretend that the welding of many parts to 
form a whole was exempt from uncertainty and failure. It was even 
then a well-known fact that the welding of large masses of wrought 
iron involved more risk and uncertainty in its results than any other 
of the processes used in the manufacture of iron. 

The question of the uncertainty in quality of the Bessemer mild cast 
steel simply resolved itself into a question of cost, because the quality 
was easily ascertainable in the earliest stages of its manufacture^ and 
thus the loss of working up bad material into a costly finished article 
could be most. easily avoided. To show this fact, I will take as an 
example the production of a Bessemer steel gun-tube, suitable for a 
40-pouuder gun of 4.75 in. calibre. Such a forging would simply be a plain 
solid steel cylinder, 8 in. in. diameter and 10ft. long, weighing 15 cwt. 
and 20 lb., and, with a flat test piece fonned on each end, it would 
weigh 15} cwt. A 10-ton converter would cast eleven ingots of 1 ft. 
square, weighing 18J cwt. each, and if 3 cwt. were cut off the top end 
of each of these ingots to ensure absolute soundness of the part 
used, we should then haye the requisite weight in each ingot to make 
the gun-tube, and 3, cwt. of scrap metal worth something, but which 




may be discarded in this case. • Now,, if this forging, when tested by 
bending the 'flat bars formed at each end for analysis, should turn out 
not to be of the precise standard quality for use as a. gun-tube, let 
us see what would be the loss. The highest quality of Swedish 
charcoal pig-iron would be used, costing from £6 10s. to £7 per ton 
(say £7), and with a small quantity of ferro-manganesc, the 10 tons of 
steel ingots would not cost £10 per ton, and could- be utilised.for engine 
or tender axles, steam engine shafts, piston rods, plates or other articles. 
As the ingots were made of this pure Swedish iron, they could be 
sold for more than than their prime cost, at a time when steel axles 
and engine shafts, made from British iron smelted with coke, were sold 
at £16 to £20. per ton. But suppose, for the sake of argument, and to 
give no excuse for rejecting these figures, that 20 per cent, reduction was 
necessary to ensure the ready sale of the ingots, there would then be a loss 
of £20 on the 10 tons. Now, all experience, showed that not one out of 
every ten charges converted was made of the wrong quality, and it is 
almost' inconceivable that a converting-house could be so grossly mis¬ 
managed as to make one charge out of every five of the wrong quality. 
But if it had been so mismanaged, it would simply have diminished the 
output of the converting house 20 per cent.; and at a period when 
railway bars made from British coke-iron were selling at £12 per ton, 
such Swedish steel ingots would surely have realised £8 per. ton, 
entailing a loss of £2 on one-fifth of the steel made, thus bringing the 
cost per ton of ingots up from £10 to £10 10s. per ton. 

It must be borne in mind that this particular manufacture of 
Bessemer steel had one most important element of certainty as to its 
composition or quality not possessed by any other iron or steel known 
in commerce at that, period, viz.,-the contents of the converter when 
poured into the casting ladle, and well stirred by the revolving agitator, 
would cast ten separate ingots of a ton weight each that were absolutely 
identical in quality, so that after testing one of them, the other nine 
could be used with certainty. Tliis absolute identity in quality was 

who watched with dismay the daily encroachment of steel on the domain 
of iron were able to deny. 



Tim 18-pounder gun exhibited on the occasion of Sir William Arm¬ 
strong’s visit to Sheffield sufficed to show that in the short period of eight 
hours n gun-bock of forged steel could be obtained from pig-iron. The 
gun-ends bent cold, which were placed on the table to illustrate my paper, 
bore testimony to tbc quality and toughness of the steel of which this 
gun, ami many others, had been made. Some of these I have already 
dealt with, and X have selected for illustration, in Figs. 69 and- 70, 
Plates XXVIII and XXIX, two more striking specimens from among 
tile number I displayed. 

Month after month rolled on, and no application came from Woolwich 
for any of the Bessemer steel, wkiob Sir William Armstrong admitted 
he had never tried for guns. Nevertheless, we continued making guns 

The managers of the International Exhibition of 1862, fully appre¬ 
ciating the importance of this new steel process, allotted me'a very large 
space, measuring no less than 85 ft. by 35 ft., equal to 1225 square 
feet area, with a free passage 8 ft. wide all round it. ■' A photographic 
reproduction of my exhibit is given in Fig. 71, Plate XXX; it was 
taken from an imperfect print made in the dark days near the close 
of the Exhibition. It will bo seen, however, that on a pedestal in front 
of the central case is a rough forging of a 24-pounder gun with trunnions 
formed out of the solid; inside the case is a finished 18-pounder gun, a 
large and massive gun-hoop, etc., etc. There were also shown an 
embossed steel shield, a star formed of bayonets, a group of revolvers, 
cavalry swords and sheaths, military rifles, projectiles, a model breech¬ 
loader, etc. On the external counter was placed a 4-inch diameter bright 
steel shaft, 35 ft. long, in one piece, steel hydraulic press cylinders, 
railway axles and carriage and engine tyres, a circular saw, 7 ft. in 
diameter, every size of steel wire for ropes, steel bars and rods of all 
sizes, and, in fact, an immense number of other interesting objects that 
would fill a long catalogue. 

The enumeration of these objects may seem commonplace enough 
at the present day, but at that time they were undoubtedly marvellous 
industrial results, and an immense excitement was caused by this display 
of the new steel, which attracted engineers, ironmasters, and steel manu- 











five shillings out of every pound paid to' me by way of royalty by my 
licensees, the patents, price of royalties, etc., being governed by myself 
and my partner, Lougsdori, just as though no sueli bond were in existence. 
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BESSEMER PATENTS 


responding. Then came the formal reading of the bond, and its sig¬ 
nature, after which there was still another interesting ceremony, which 
was performed in a genuine Lancashire'fashion, each gentleman producing 
from the depth of his pocket a neat little roll of Bank of England 
notes of the value of £5,000, which was handed to,us in the proportion 
of our respective shares, viz., .£40,000 to myself and £10,000 to my 
partner Longsdon. The meeting then broke up in a most cordial manner, 
and the friendly feelnm thus inaugurated "-as never f,,,. 0 „ e moment 
ribuded by a single expression of dissent or dissatisfaction in the whole 
ten years of our business intercourse, during which time I had the great 
pleasure of handing over to my friends their 5s. in the £, amounting 
on the whole to something over £260,000. As a further testimonial 
of our mutual friendship and regard, Mr. Platt presented to Lady 
Bessemer, in his name and those of our Manchester friends, a 
portrait of myself painted by Lehmann, and exhibited in the Royal 


I have mentioned these facts because it is almost impossible to 
conceive higher testimony to the value of my processes than this 
purchase of a share of the invention with all its risks; a testimony 
which was justified by the results obtained, while our War Office 
officials did not venture to purchase even a few ingots of our steel 
sufficient to make half a dozen 40-pounder gun-tubes. 

At last there came a time when the British Government aban¬ 
doned w-elded-up iron gun-tubes, and they and Sir .William Armstrong 
parted company (on February 5th, 1863), the Government paying the 
Elswiok Ordnance Company £65,534 4s. as compensation for breaking 
the contract with that Company, as well as paying the other sums 
which are given at page 5 of the Report of the Select Committee oil 
Ordnance, ordered by the House of Commons to be printed, July 23rd, 
1863. The following copy taken from that Report accurately gives these 
amounts. 















CHAPTER XVII 


CAST STEEL EOR SHIPBUILDING 

A MONC4 the almost endless variety of useful purposes to whieh 
Bessemer mild east steel has been applied, there is none more 
important than its employment in the construction of- steam ships for 
the conveyance of passengers and merchandise, and also of ships of war 
and fast -cruisers. The great strength of this material, as compared 
with the best brands of iron ; its even and homoe'enous character; its 
great power of elongation before rupture ; and its unequalled amount of 
elasticity under severe strains ; all combine to form a material not only 
admirably adapted for the plates, beams, and angles of the ship itself, 
but equally suitable for the construction of her masts and spars, her 
boilers and her machinery; and for the still more important manufacture 
of the heavy armour-plates necessary to protect ships of war from the 
assaults of the enemy. 

From a very early period I had become deeply impressed with 
the importance of the application of my new steel to shipbuilding, and 
my first impulse was naturally to try and force my own conviction 
on the British Admiralty, and induce them to employ it in the con¬ 
struction of ships of war. But the remembrance of my treatment at 
Woolwich came upon me as a warning, for there I had given, at much 
cost and labour to myself, the most irrefutable proofs of the perfect 
applicability of my mild steel to the manufacture of ordnance, and all 
these proofs had been overlooked and thrown aside by the Minister of 
War in favour of an inferior substitute for steel. This experience deter¬ 
mined me not to be foiled a second time by attempting to convince 
the “ How-not-to-do-it ” Government official. I therefore preferred to 
await the more certain m and reliable action of mercantile instinct. 
Private shipbuilders, I had no doubt, would soon find out the merits 





of steel, and feel a personal interest in its adoption. Boiler-makers, I 
also felt assured, would recognise its value, and use it instead of iron, 
many years before the Admiralty officials would wake up and become 
conscious of the advantages it possessed over the weaker material. Nor 
did I' have long to wait for the verdict of practical men on the value 
of Bessemer mild cast-steel plates, as applied to the construction of 
steam boilers;' an application which in itself is a sufficient guarantee of 
their high quality, and their superiority over plates made of the highest 
brands of British iron. Every person connected with the iron trade 
is well aware that the articles known to the trade, as boiler-plates 
are superior in quality to those known as ship-plates; in fact, iron 
ships were never built with the high-class iron used for boilers. 

I have already stated, that, on the occasion of the Institution of 
Mechanical Engineers holding one of their annual meetings at Sheffield, 
in July, 1861, under the presidency of Sir William Armstrong, I read a 
paper on “The Manufacture of Cast Steel and its Application to Con¬ 
structive Purposes.” I now refer again to that paper, simply to quote 
a few lines from the speeches made in its discussion, by two eminent 
practical Lancashire engineers, in order to show what had been done 
up to that early date in the application of the new steel to the construc¬ 
tion of steam boilers, This discussion, be it- observed, took place no 
less than fourteen years prior to the date on which Sir Nathaniel 
Barnaby, then the Chief Naval Architect at the Admiralty, read 
his paper before the Institution of Naval Architects, in which he 
criticised adversely the use of Bessemer steel plates for shipbuilding and 
boiler-making. Hence it will be interesting- to see how far this material 
hod already been employed for boiler-making. 

At this meeting of the Institution of Mechanical Engineers above 
referred to, Mr. Daniel Adamson,* the well-known engineer and manu¬ 
facturer of steam boilers, whose works were at Hyde, near Manchester, 
exhibited some beautiful specimens of deep and difficult tiauoinir m 
some fire-boxes for locomotive boilers. Mr. Adamson said lie bad 
already used 200 tons of boiler-plates made from the new steel, and 




to bo damaged by overheating. He could fully confirm the statements 
given as to its strength, having tested it severely. As a precaution 
every plate had been ordered with a l-iu. margin all round, which 
was sheared ofl’, and bent double, as a test of the quality of the plate. 
The metal was found to stand this test well, and bent double, like the 
specimens exhibited, without cracking at any part of the surface. 

The other engineer referred to, who took part in the discussion of 
my paper, was Mr. William Richardson, the active practical partner 
in the firm of Messrs. John Platt and Company, Engineers, Oldham, 
in which firm Mr. Richardson had, for over twenty years, the direction 
and supervision of some five thousand workmen. In the course of the 
discussion on my paper, Mr. Richardson said, “ He had made trial 
of the Bessemer steel "plates for some time in boilers at Messrs. Platt’s 
works at Oldham, where, some years ago, a higher pressure of steam 
was adopted than was then usual. At that time they frequently found 
distress at the joints of the boilers, and had adopted double riveting ; 
the furnace plates were frequently blistered, though of a good make 
of iron. Subsequently three boilers were made of plates of ‘ homogeneous 
metal,’t which had been at work three years, but since the Bessemer 
steel had been produced at a cheaper rate and equally reliable iu strength 
and quality, they had used it extensively, and had now six boilers con¬ 
structed of the new plates. They had no more trouble from blistered 
plates and strained joints, while a great saving was effected, owing to 
the reduced thickness of the metal requiring less fuel to produce the 



same heating ppwer. * * * They had had only two years’ experience of 
the- new plates, but during that time the results had proved thoroughly 

This latter remark of Mr. Richardson shows the high opinion 
formed, from personal observation, of the new steel, at least two years, 
prior to the date at which it was spoken. Thus, as far back as July, 
1859, Mr. Richardson had erected, at the works of Messrs. John Platt, 
of Oldham, no fewer than six Bessemer steel boilers, of 6 ft. 6 in. in 
diameter by 80 ft. in length, each having one flue-tube of 3 ft. 10 in. in 
diameter, with plates in. thick, and working at a pressure of 85 lb. 
per square inch. 

These facts will serve to show the high reputation acquired by these 
mild cast-steel plates, even at this early period : a reputation' that steadily 
increased throughout the country, and which, in the early part of 1863, 
had so fully convinced-the firm of Messrs. Jones, Quiggins, and Company, 
shipbuilders, of Liverpool, of the suitability of steel as a shipbuilding 
material, that they determined to put it to a practical test by building a 
small steam-ship. For this vessel the firm of Henry Bessemer and 
Company, of Sheffield, produced the steel, which was afterwards rolled 
by Messrs. Atkins and Company, of Sheffield, this being the first of 
many extensive orders given us by this enterprising firm for the Bessemer 

I am indebted to the Chief Surveyor of Lloyd's for the following 
list of Bessemer- steel ships, classed by them during the years 1863, 
1864 and 1865. 




Sailing-ship, “Tin* AJ.cn" 
PncUllc-whool slonm-slup, “Lsabol” 
Paddle-wheel steam-ship, “Curlew” 



At the time when the “ Clytemnestra,” a steam sailing-ship..of 
1,251 tons, was in course of construction, it was found by the builders 
that want of capital would prevent it being' finished, and result in the 
shutting-up of the shipyard. I was so anxious that the application of 
my new steel to shipbuilding should not receive a sudden check, that I 
was induced to lend the firm ,£10,000, to put their financial affairs in 
order. This, however, did not effect the desired object, and, unfortunately 
for me, the prior claims of secured creditors converted my loan into an 
absolute loss. It had, however, one good effect; it enabled the firm 
to continue for a while ; and by the end of 1865 no less than eighteen 
steel ships, aggregating 13,489 tons, had been built of Bessemer steel, 
classed at Lloyd’s, and duly placed on the Register. Every person con¬ 
nected with shipping is- fully aware that the careful examination of Lloyd’s 
experienced surveyors is an absolute guarantee of the strength and 
structural good qualities of all ships passed by them. But these steel 
ships had more than the ordinary credit of going through this ordeal, 
for, on a thorough investigation of the whole subject, Lloyd’s surveyors 
became so satisfied of the much greater strength and reliability of 
Bessemer steel, compared with ordinary commercial iron ship plates, that 
they considered it unnecessary lor shipbuilders to use the same thickness 
of steel that was required for iron; therefore, they permitted a reduction 
of 20 per cent, to be made in the weight of steel used in the con¬ 
struction of every steel ship : a concession of vast importance for high 
speed or great carrying capacity. Thus, if a ship of certain size and form 
would require say, 1,000 tons of iron for the construction of its frames 
and shell, Lloyd’s would give the same class to a steel ship of precisely 
the same form and dimensions, containing only 800 tons of steel, and 
therefore capable of carrying 200 tons more merchandise than could an 
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iron ship of tile same form and size. It is difficult to conceive a higher 
testimonial to the strength and fitness of Bessemer steel for shipbuilding 
than is afforded by this reduction of 20 per cent, by Lloyd’s. Prior to 
the construction of steel ships at Liverpool, in 1863, I had introduced 
the last of the important improvements in my steel process, by inducing 
Mr. Henderson, of Glasgow, to manufacture ferro-manganese for me, so 
as to produce steel of exceptional mildness for plates and rivets. Hence, 
at that date, 1863, Bessemer steel was regularly made of as high a 
quality as it ever has been, or can be, made. Thus I established 
my claim to have successfully introduced the use of mild cast steel 
for the construction of ships of every class and description no less 
than thirteen years prior to the construction of the first Siemens-Martin 
steel-built ship, the sailing vessel “Stormcock,” 466 tons, b'uilt in 1878, 
and registered at Lloyd’s. 

It will be seen from the foregoing that I had formed a pretty 
accurate estimate of the inertness and inactivity of the British Admiralty, 
when I decided on not wasting my time in endeavouring to awaken 
them to a sense of the vast national importance of employing mild cast 
steel for shipbuilding. 

Private shipbuilders and shipowners had, as I felt assured they 
would, availed themselves largely of the many advantages possessed 
by this material, and had set an example of alertness and activity to the 
officials of the Admiralty, .an example which they wholly disregarded. 
Thus, year after year rolled by, and still there were no signs of the 
Admiralty waking up to the consciousness of the great metallurgical 
revolution that was rapidly spreading over Great Britain and the whole 
continent of Europe, and that had already extended in full force to the 
energetic people of the United States. In fact, everywhere steel was 
replacing iron for innumerable structural purposes, varying from viaducts 
and bridges of large span, down to such small items of domestic hardware 

After ten years of indifference on the part of the Admiralty, it was • 
discovered that, notwithstanding the fact that the Bessemer process was a 
British invention, the more active and more •jnterprisiwg officials of the 
French Admiralty had fully recognised the value of steel for the con- 



structimi of ships of war, and that the French Government were far 
advanced with the large iron-clad, “Redoubtable,” then being, bnilt of 
steel at L’Orient, and that they wore also pushing forward two .other 
large steel vessels of war, the “ Tempute” and the “ Tonnerre,” wkioh were 
then being built of steel in French ports, When this important fact 
came upon our quietly-sleeping Admiralty offioials, then, and not until 
then, did they rub their eyes, and wake up sufficiently to recognise their 
position. They knew that this important fact could not long be concealed 
from the public press, and would thus come to the ears of John Btill, 
who is apt to demand a scapegoat when he finds that his country has 
allowed itself to be beaten in the race with other nations.. Possibly 
it was felt by the Admiralty that some reason or other ought to be 
advanced for their not having commenced to build a single steel war ship, 
while our nearest neighbour had nearly completed three magnificent steel 
ironclads, Whether this surmise be accurate or not, it is certain that, with 
the consent of the Admiralty, Sir Nathaniel Barnaby, then the Chief Naval 
Architect of the Royal Navy, read, in 1875, a paper on “ Iron and Steel for 
Shipbuilding,” before the Institution of Naval Architects, in which paper 
the alleged “ uncertainties and treacheries of Bessemer steel in the form 
of ship and boiler plates” were explained to the public. This compre¬ 
hensive summing up of the uncertain quality and undesirable characteristics 
of the material was still further emphasised by Sir Nathaniel Barnaby 
holding up to the meeting an isolated example of the failure of a thin 
piece of plate metal, said to be a part of a Bessemer steel ship-plate, 
which had cracked when it was bent to a very small angle. As repre¬ 
sented in Fig. 72, Plate XXXI., this shocking example proved too 
much ; it was, in fact, so had a plate that, if originally made of such an 
unheard-of quality, it could never have been either rolled or sheared 
in the makers’ works without proclaiming its utterly valueless character 
to every workman engaged in its manufacture. It must not be forgotten 
that it is physically impossible for the Bessemer process to produce a 
smede isolated plate of such a bad quality, for the simple reason that 
Bessemer steel is never made in less than 5-ton batches, every part 
of each “blow” being equally good or bad. Now, after deducting 
20 per cent, for waste 'in shearing, these five tons of homogeneous 









































was also informed that the ordinary steel angles in use at L’Orient 
cost £27 per ton, and the double-tee bars about £41 per ton; and 
to this there was to be added the cdst of such careful labour as lie 
had described. But private shipbuilders and ship-owners wore not 
deterred by the price of Bessemer steel from using it. even ten years 
before the date at which this paper was written, when Bessemer steel 
was at least 30 per cent, 'dearer than in 1875. Would it not have 
been far better 'to have quoted the then prices of Bessemer steel in 
England, instead of giving the absurdly high prices said to obtain 
in France? 

I was present at the reading of Sir Nathaniel Bavnaby’s paper, when 
he held up to the meeting the piece of steel plate, which he called “ the 
treacherous Bessemer steel," illustrated in Fig. 72, Plate ’ XXXI. I 
invite, my readers to compare this illustration with the various examples 
I have had photographed of Bessemer steel tests of gun-forgings (see Figs. 
69 and 70, Plates XXVIII. and XXIX.) and with the 11,000 test 
pieces then accumulated at Crewe. But even more striking than these 
were the specimens I had prepared thirteen years before. Few would 
believe, without ocular demonstration, the extraordinary fact that a 
thin steel plate, 11 in. in diameter and X V in. thick, can be brought 
without rupture into the forms shown in Fig. 74, Plate XXXII., while 
Fig. 75, Plate XXXIII. shows various pieces of Bessemer steel, of our 
regular daily manufacture at Sheffield, tested cold. The former are 
examples of what is called “spinning;” the cold steel plate is made 
to revolve in a lathe, and is pressed heavily upon by a blunt instrument 
as it revolves, just as a piece of soft clay revolving on a potter’s 
wheel is pressed upon by his thumb and fingers, and is fashioned into 
a vase. As the tJiin cold steel plate revolves it yields to the pressure 
exerted upon it by the blunt instrument forced dexterously against it, 
and by degrees its particles are expanded in some directions and contracted 
in others, the solid cold steel flowing, like its prototype the potter’s 
clay, and forming almost any variety of circular form which the work¬ 
man desires to give it. This wondrous change of position of the several 
parts of the original flat plate takes place without the smallest symptom 
of a crack or failure at any part of its surface. These examples 




demonstrate the marvellous toughness of the Bessemer cast steel 
manipulated by a skilful workman. & 

The small vase on the left, 4$ in. in height and in. iff diameter 
(Fig. 74, Plate XXXII.), is by no means a solitary example. It*was 
one of a group of vases of various forms exhibited by me at the*fnter- 
national Exhibition of 1862, that is, thirteen^ years before Sir Nathaniel 
Barnaby Held up to the public meeting an isolated example of a 
maltreated plate as a representation of the “ treacherous Bessemer- 
steel,” which he seemed to think was sufficient to excuse the British 
Admiralty for their ten years’ indifference and apathy. During those 
ten long years, twenty-four Bessemer steel works had been erected in 
England alone, having 112 converting vessels with their powerful blast 
engines, steel-rolling mills, and other expensive plaut and bjphJings,- 
producing annually 700,000 tons of Bessemer steel. 

At the time at which I write (1896), when we look into tft^preaent 
state of British shipbuilding, we find that merchant sailing-ships and 
passenger steam-ships are, in all cases, built of mild cast steel, which 
is admitted to be the most suitable of known materials for their con¬ 
struction. The way in which mild cast steel (Bessemer and open- 
hearth) has absolutely superseded iron is proved by the annexed extracts 
from Lloyds Register of British Shipbuilding for the year 1895. 



Can anv evidence more clearly show how the opinions of shipbuilders 
and shipowners, including .the great passenger steam-ship owners and-the 
Admiralty itself, have practically condemned iron as a shipbuilding 




then we do now, and consequently the steel was as well adapted for 
the building of ships at that period as it is at the present day. From 
1875 up to 1896'—that is, a period of twenty years—the London and 
North-Western Company have built no less than 4000 Bessemer steel 

tear, not one of these has ever been treacherous enough to burst. It 
may further be recorded that the London and North-Western Railway 
Company made all the Bessemer steel plates used for ‘building their 
splendid fast Dublin and Holyhead passenger boats, which have so long 


Although I have,unavoidably used words of censure in speaking 
of that abstraction, the British Admiralty, no one can doubt that its 
officials are gentlemen of honour and integrity. They are liable, like 
the rest of humanity, to errors of judgment, while the traditions of 
the office, and the conditions under which they work, must tend to 
develop the conservative side of their character, and render them averse 
to experiment. But the course they pursue, whether it be technically 
the wisest or not, represents, I am sure, their honest opinion, and under 

by making a scapegoat of the man through whose energy and 

perseverance the construction of mild cast-steel ships was rendered 

commercially possible, and whose invention has so greatly benefited 

the nation generally, and the British Admiralty in particular. 

Although that sreat department of the State failed for so long to 
recognise the merits of my steel, I have received the most ample 
recognition ot the value of my inventions, alike from reigning sovereigns, 
from the learned societies, and scientific institutions of every State in 
Europe, all of which I acknowledge with every expression of profound 
gratitude, 






CHAPTER' XVIII 

MANGANESE IN STEEL MAKING 

j- I have deemed it desirable in some cases not to keep strictly to the 
chronological order of events, which would so entangle different subjects 
with each other as to render each incident difficult to be understood. 

of connected events, and thus trace each subject to its natural cagfcipsion, 
afterwards retracing my steps to recall other incidents which Hawe thus 
been unavoidably displaced and left to some extent in the background. 
In accordance with this plan, I now go baok to August, 1856?*the 
month in which I read my—to me—memorable, paper at the British 
Association. I have mentioned on another page* that one of the immediate 
results of that paper -was the application for a large number of patents 
by various people, either bond-fide though unpractical, inventors, or 
others who deliberately planned to take advantage of the premature 
publication of my invention, by obtaining patents which should hedge 
me round and force me to divide with them the fruits of my labours, 
I think I have already made it clear that none of these efforts, bond-Jidc 
or otherwise, ultimately interfered with the triumphant development, of 
my own patents. I am treading on very delicate ground, and although 
the events I have to refer to occurred many years ago, and are entirely 

be able to write without prejudice, much as I should desire to do so. 
I shall therefore confine myself entirely to a narrative of facts, and 
keep my own individuality and personal feelings as far as possible 






employment of manganese in the manufacture of cast steel, it will be 
in the natural order of things if I commence with a short review of 

In all the old published accounts of steel making, we find that 

The ancient steel manufacturers of Styria produced the famous German 
“Natural Steel," which was so much used in this country before Sheffield 
had achieved its present high reputation. The manganesian iron ore, 
knowm here as spathose, or white carbonate, was in Germany known as 
stahlstein, a term indicative of its well-known special aptitude for the 
production of steel from the pig-iron knowm in Styria as spiegel eisen, 
then and noiv so much used in steel making. Towards the end of 
the eighteenth century and the beginning of the nineteenth,* efforts were 
made in this country to combine the metal manganese with our British 
iron, and thus obtain pig-iron so alloyed with manganese as to give it 
those qualities wliich. enabled, the Germans to produce with their 
ores the finest steel in the market in those early 




The first in the long list of inventors and patentees is one William 
Reynolds, who, in December,'1799, obtained a patent in this country 
“ for a new method of preparing iron for the conversion thereof into 
steel, by employing oxide of manganese, or manganese, (that is, metallic 
manganese), which was to be mixed either with the material for making 


the 'pig or cast-iron, or with the cast iron, to be converted into malleable 
iron in the finery, bloomery, puddling furnace or otherwise. 

In either case, ordinary British pig-iron would be converted into 
manganesian pig-iron, or spiegeleisen, by the employment of Reynolds’s 

a process that has, at the time I am writing, now been public 
property for a period more than eighty years. Thus I had acquired, m 
common with all other persons in this country, the right to put oxide of 
manganese into the blast furnace with the iron-making materials, and so 

malleable iron or steel. By the falling info* public use of this long- 
expired patent I had, in common with all other persons, also acquired 





















From the foregoing long list, of claimants to the use' of manganese 
in various ways in steel making, it must be evident that a knowledge of 
of its beneficial effect was widely known and highly appreciated nearly a 
century ago; but the most prominent, and the most practically 
successful, of all these patentees was a Mr. Josiah Marshall Heath, a 
civil servant under the Indian Government, who, noticing in the native 
Wootz steel-making of India the marvellous effect of manganese, 
conceived the idea of producing steel of superior quality- from 
inferior brands of British iron by its use in the cast-steel process then 
extensively carried on in Sheffield. Heath came over to this country, 
and obtained a patent, bearing date the 15th of April, 1839, for the 
employment of carburet of manganese (that is, manganese in the metallic 
state) m the manufacture of cast steel: an invention of very great 
utility, as by its use cast steel of excellent quality could be produced 
from British iron that had been smelted with mineral fuel. Such steel 
possessed the property of welding either to itself or to malleable iron. 
The Sheffield cutlers were thus enabled to weld iron tangs on to the 
cast-steel blades of table - knives, and also to weld many other similar 

the use of metallic, or carburet of. manganese under Heath’s patent. 

Mr. Heath, in his specification, does not confine his claim to the 
use of carbui-et'of manganese in crucible steel melting, but distinctly 
claims “the use of carburet of manganese in any process whereby iron 
is converted into cast steel.” All that Heath claimed lapsed and 
became public property when his patent expired, and the right to use 
carburet of manganese “ in any process whereby iron is converted into 

patent were invalid. Heath was fully justified in making this general 
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law, viz.: whenever metallic manganese, with its powerful affinity for- 
oxygen, is put into molten iron containing disseminated or occluded 
oxygen, a union of the oxygen and the manganese follows as an 
inevitable consequence of their strong affinity for each other, wholly 
irrespective of the process employed in the manufacture of the iron or 
steel so treated. 

In consequence of this successful invention of Heath’s, no British 
iron that has been smelted with mineral fuel is ever made into cast 
steel in Sheffield without the employment of carburet of manganese. 
In the early days of Heath’s invention, he supplied the carburet 
in small packages to his licensees; he made this by the deoxyda- 
tion of black oxide of manganese mixed with coal-tar, or other carbon¬ 
aceous matter, in crucibles heated in an ordinary air furtiaee. This 
was a costly process, and as the demand increased he suggested to his 
licensees that it would be cheaper to put a given quantity of oxide of 
manganese and charcoal powder into their crucibles, along with the 
cold pieces of bar iron or steel to be melted. These materials would, 

with the steel as soon as the latter passed into the fluid state. But 
Heath’s licensees said, “ This is not, precisely your patent, Mr. Heath,”, 
and they claimed the right to carry out this Suggestion without 
paying him. any royalty. This was the cause of some eight or nine 
years of litigation^ by which poor Heath was ultimately ruined, although 
his patent was established by a final decision of the House of Lords 
—alas! only too late; for Heath died a broken-hearted, ruined man, 
wholly unrewarded for his valuable invention. 

Thus we see that both in the use of a carburet, and also by 
a mixed powder, consisting of oxide of manganese and carbon, 
process has been successfully and commercially carried on from 
of his patent, in 1839, up to the present hour. 

stood how disastrous it would have been to.ine, if, by the action of 
another patentee, I had been prevented from using manganese; for 
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fourthly, “the use of carburet of mangauese, in any process whereby 

could not have been claimed by Heath in his patent of 1839, had— as I 

for a period of no less than sixteen years prior to Mr. Mushet’s 
patent of September, 1856. The only plea that could possibly be 
advanced to justify Mushet’s claim to a long-ago' expired patent, 
which had been extensively used, was that the steel into which 
this carburet of' manganese was to be put had been made by. a 
different process. Now, let us see to what a deadlock all improved^ 
manufactures would be reduced if once we admit such a claim. Let 
us take an ’ example which is strictly analogous. Some fifty .or more 
years ago a great discovery was made by Mr, Pattinson, of Newcastle, 
who invented a most ingenious mode of extracting metallic silver from 
ordinary commercial pigs of argentiferous lead. Previous to this, silver 
had been almost exclusively obtained from silver ore, amalgamated with 
mercury, and afterwards refined, melted, and cast into ingots. There 
was no analogy whatever between the old process of extracting silver 
and that discovered by Mr. Pattinson. It bad long previously been 
found that silver, though a very beautiful metal in appearance, was 
almost useless, either for the manufacture of utensils or for current 
coin, on account of its extreme softness; articles made from pure silver 
being easily bent or misshapen, and coins losing then- impression by 

of 10 lb. of copper to every 90 lb. of silver, so hardened and strengthened 


of utensils, and also for current coin. This valuable alloy of copper and 
silver was accepted by all European Governments as a standard alloy to 
be stamped as “silver,” and it has been in universal use for many years, 
just as steel alloyed with carburet of manganese passes current as steel, 
the alloy having also been in public use for many years. But the 
silver obtained from lead pigs by Mr. Pattinson's new process, like that 


state. Now, if some speculative patentee had, on the first announcement 






Office to claim the sole right to put 10 per cent, of copper into silver 
obtained by Pattinson’s process, under the plea that this silver had been 
produced by a new method, it is self-evident that the claim could not 
here be substantiated. To admit it would have been simply to destroy 
all future great inventions; the whole idea is too absurd to require' 
further argument. 

On September 22nd, 1856, Mr. Mushet took out yet another patent, 
claiming the employment of one of nature’s compounds : a compound 
which steel - makers have used for the production of steel as far back 

in the mine associated, or combined, with manganese and oxygen. Such 
ore, when smelted, prQduces a pig iron which contains iron, carbon, 
manganese, silicon, and generally phosphorus, sulphur, and other matters 
in small quantities, in combination with the iron. In his third patent 
Mr. Mushet did not mention my name, or designate any patent of mine, 
as the invention which he proposed to improve by the use of spiegeleisen; 
and again the Grown and the public were told that, for the purposes 
of his invention, “ the iron may be purified by the action of air in the 
manner invented by Joseph Gilbert Martien," as will be seen by the 
following quotation, reproduced from a printed copy of Mushet’s 



If Mr. Mushet had taken the trouble to examine my early patents 
for the manufacture of steel, he would have found that the re-carbura- 
tion of converted metal by the addition thereto of molten pig iron, was 
perfectly well understood, and had been patented by me more than a 
year prior to the date of either of his three manganese patents. 
Mr. Mushet also appears to have entirely ‘overlooked my description 
of the several modes of making alloys in my^ process, as set forth iu 
my patent, dated May 13th, 1856, sixteen weeks prior to the date 









oxydised molten malleable iron came in. contact with the cold-iron mould, it 
boiled and threw off large quantities of gas, as its temperature was reduced, 
the action being similar to that which takes'place in the cooling of large 

mound on the top of the ingot, owing-to the spontaneous disengagement 
of occluded oxygen. In the case of steel, this throwing off of carbonic ■ 
acid, or carbonic oxide, gas was a source of great unsoundness in ingots, 
and appeared to-be a very important subject for investigation. I 
consequently had a small apparatus constructed, with a view of seeing 
how far this gaseous matter could be prevented from escaping in the 
form of bubbles by being surrounded with a dense atmosphere, to 
suppress ebullition; and also how far it could be removed by con¬ 
siderably lowering the pressure of the surrounding atmosphere, thus 
favouring ebullition and the removal of the gas from the metal. 

I may here mention, incidentally, that these experiments were the 
starting-point of my patents for casting under gaseous pressure, and 
also under the pressure of an hydraulic plunger, acting direct on the 
fluid metal. Under this latter patent, I granted a license to Sir Joseph 
Whitworth t<5 make his compressed steel. The experimental apparatus 
for removing gas in vacuo just referred to, was simply a short cylindrical 
vessel, on to which a conical cover was fitted; the flanges which formed 
the junction between the two were accurately surfaced, and formed an 
air-tight joint. At the top of the apparatus a small circular piece of 
plate glass was inserted, through which, the eye could, by means of 
the light emitted by the incandescent metal, see distinctly whatever 
was going on inside the chamber. 

This apparatus is shown in section in Fig. 76, page 270. Having 
converted some pig iron into highly-carburised steel- by means of a fire¬ 
clay blow pipe, a crucible about half filled with this steel was put into the 

effect of which was at first to cause a few bubbles to rise to the surface 
of the metal; but only a comparatively gentle ebullition was produced, 
however high a vacuum was attained. If mild steel, however, was so 
treated a much more violent ebullition took place ; and if a 20-lb. 




crucible containing nbout 10 lb. only of wholly decurl,urised p,g iron 
was put into the chambor, and a high vacuum was produced, the 
ebullition set up by the rapid escape of gas caused the steel to boil 
over the top of the crucible, and occupy the lower part of the chamber, 








and appreciated the facility which molten carburet of iron gave for 
regulating the state of.carburation of the converted metal; and if I 
used any kind of manganese pig iron for converting into steel, as I 
had a perfect right to do, the addition of some of this molten iron 
“from the cupola furnace” to my converted metal, would of necessity 
involve the recarburising, by the use of a “ triple compound of iron,' 
carbon, and manganese.” 

Now the particular manganese pig iron, called in Styria spiegeleisen, 
the use of which Mr. Mushet claimed by his patent, may in round 
numbers be fairly stated to consist of 4 per .cent, carbon, 8 per cent, 
manganese, 2 per cent, of some half a dozen other elements, and 86 per 
cent, of iron. These proportions are by no means well adapted for 
the deoxydation of mild steel, and it is impossible to use* such a metal 
when soft decarburised iron is . desired, as steel, and not malleable iron, 
would be produced. 

I have before stated, that in my earliest experiments the quantity 
of oxygen taken up by the metal was but small, if the process was 
stopped when the desired quality of steel was arrived at. But if I 
continued the blowing process until soft iron was produced I had a 
double disadvantage: I burnt and destroyed—as I have already stated— 
from 2 to 3 per cent, more of the iron than was lost when-making steel, 
and I immensely increased the quantity of oxygen absorbed. It was 
this fact that induced me to persevere iu deearburising only to the 
extent necessary to make steel of the precise quality desired; and 
where this system has been pursued in Sweden and in Austria, it 
has proved commercially a great success. 

It will at once be seen how ill-adapted are the proportions of carbon, 
manganese, and iron, m spiegeleisen. because enough of the per cent, of 
manganese present. cannot be put into the converter to deoxydise the 

4 per cent, of carbon present as would make the whole of the malleable 
iron treated, into cast steel. Bor this reason the very soft or mild 
quality of steel required for ship and boiler-plates should be recarburised 
with an alloy of something like the following proportions: 60 per cent. 
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they have in reality brought about. My'roaders will remember 
that in-the early part of this volume (page 13) I gave an account of my 
acquaintance with Dr. Ure, and related how I bad shown him some 
medallions which I had coated with a thin deposit of copper from its 
^*eid solution. I told of the great interest Dr. Ure had taken in my 
discovery, and how, in November, 1846, lie published a supplement, 
to his work, in which he gave an account of my invention under the 
article “Electrometallurgy.” Hence, I naturally purchased a copy of 
this, to me, most interesting volume. It was an article on the manu¬ 
facture of steel, contained in this supplement, which first enlightened 

in the production of ferro-manganese. 

I read this account of Heath’s invention with deep interest, and 

kind of information this article furnished, I have liad the whole page 
photographed, and I reproduce it in Fig. 77, Plate XXXIV. 

On reading this well-authenticated account of Heath’s invention, I 

found that my red-short steel crumbled away under the hammer 'if 
raised to a welding heat. Here, in the book of my old friend, Dr. Ure, 
was ample proof that inferior brands of iron could be made into weldable 
cast steel .simply by alloying them with 1 per cent, of carburet of man¬ 
ganese. This fortunate discovery of. what' had already been practised for 
years came like a revelation to me ; and as this patent of Heath’s had 
long expired, and his invention had become public property, I at once 

proceedings referred to by Dr.- Ure, where I gained much additional 
information. In the reports of “Noted Cases on Letters Patent for 
Inventions,” by Thos. Webster, barrister-at-law, published in 1855, I 
found the complete specification of Heath’s patent, and also much 
evidence given in the Exchequer Court, in the case of “Heath v. Unwin,” 
Hilary Term, 1844, by experts who had studied the subject both 
theoretically and practically. From these reports I subjoin the following 










the fact as to make me no longer hesitate to show how far I was 

In searching through the contents of an old bos I had brought to 
Denmark Hill from Queen Street' Place on my retirement from business, 
I.’bame upon six old pocket-memorandum books, in which I, from time to . 
time, had recorded many experiments on alloys, mechanical contrivances, 
suggestions for new patents, etc. In one of these old books, bearing 
on its flyleaf ,the date January 8th, 1852, written forty-five years 
ago by my deceased partner .Longsdon, I found several memoranda 

. which were the .direct outcome of' the information I had obtained 
from Dr. lire's book. These researches were made about a month 
before any one of Mr. Mushet’s patents was published .or could 

possibly be known to the world. It will be seen that these memo¬ 
randa were roughly made on the spur of the moment, and were 

simply for my own guidance, or to prevent ideas and experiments 
from being forgotten. 

I give a facsimile of some of them in Fig. 78, page 284. 

It will be remembered by many members of the lion and Steel 

Institute that it was in one of these old memorandum books that 
I came upon my notes relative to the manufacture of what were 
designated “Meteoric Guns,” to be made by alloying malleable iron or 
steel with 3 per cent, of nickel; a photograph of these notes was com¬ 
municated by me to the Institute, and published in their Journal, 
"Vol. 18. Had it not been for this accidental discovery of memoranda 
made at the time, and the existence of which had been entirely for¬ 
gotten, I should never have , reverted to this -subject, since the mere 
adoption of Heath’s process could in no way add to whatever credit 
I may be entitled to for the discovery and development of the 

These old records of experiments will serve to show the difficulties 
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reduction from their, oxides, of which I had some practical experience, 

manganese would be removed, by combining it in the form of powder, 
with oxide of iron, which is so easily fused, and then reducing 
the two metals simultaneously, I clearly saw,-at the same time, that 
this system of alloying the'manganese with iron would prevent the. 
spontaneous decomposition of pure metallic manganese when exposed to 
ordinary atmoepherie influence, as the manganese would be protected 
by the iron present. This mode of producing an alloy of iron and 
manganese, in almost any assignable proportions, appeared to me to be 
sueh an important step in advance as to render all further experiments 
in making Heath’s pure carburet of manganese quite unnecessary; these 
ideas were at once jotted down in my pocket-book, and simply embody 
the first rough views taken of this important manufacture. The 
memoranda referred to are photographically reproduced in Fig. 79, 
Plate XXXV. 

With reference to Bethel’s patent coke, I may mention that this 
coke is made by the destructive distillation of coal-tar in closed retorts, 
which leaves a porous hard coke which is almost pure carbon. This 
process would have been excellently adapted for the reduction of oxide 
of manganese on a large scale, and such a system of coke-making in a 
retort would have been far less expensive than Heath’s crucible process. 
What I wanted to obtain, however, was the substance I bad designated 
‘‘artificial ore of manganese- and iron.” Such artificial ore could be 
smelted like other iron ores, and thus offered all the prospective 
advantages of quantity and cheapness. This particular scheme I never 
lost sight of until: it culminated in the production of ferro-manganese 
at Glasgow. Since my invention was kept in abeyance, so far ns 
steel-making from British iron was concerned, I was desirous of making 
a series of experiments on all the rich alloys of iron and manganese. 
X, therefore, had my furnace enlarged and the draught improved. 
I then applied to Messrs. Bird and Company, of London, who were 
agents for the Workington Hematite Iron Company, to obtain for 
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and Mr. Mushet’s patents were published. Then, for the first time* 
1 realised that an obstacle had been created, which might prevent 
my using, manganese in my process in any wad every form in 
which that metal was known, or had previously been m pubKo use. 
Nevertheless, I felt not the slightest hesitation in making use of 

my prior patents. I was, however, unfortunately diverted for the time 
from the pursuit of the richer alloys of manganese which would have 
prevented all those troubles met with in producing steel of sufficient 

of iny process to the trade, and in keeping watch against the many 
attempts to encroach on my rights. Coupled with these there was 
constant and laborious work at the drawing-board in making the original 
drawings tor my own further improvements, and in the development 
of the many mechanical devices necessary to the commercial use of my 
invention on a large scale. With all these imperative calls '-on my 
time, something had to go to the wall, and the rich manganesian 

September 1856 to November 1857—I had taken out eleven new patents. 
I had settled the mechanical details of each one. and had personally 
made the whole of the drawings for the eleven specifications. Every day 
had its new labours, and every day the need for these rich alloys of 

About this tune I had a long conversation on this subject with 
Mr. William Galloway, one of the partners m our Sheffield firm, and 
we seriously thought of putting up a Hast furnace for making rich 
manganesian pig-iron. Mr. Galloway had some land at Runcorn, on 
the Mersey, which he suggested should be utilised for this purpose 
as a private speculation of our own. I made many inquiries about 
manganese mines at the “ Mining Record" Office, and got a good deal 
of useful information from Mr. Robert 'Hunt, the indefatigable head 
of that most valuable institution. My inquiries and numerous visits 
on the subject awakened a deep interest in Mr. Hunt, and before 
the summer was over it'was arranged that I should accompany him 
in his usual annual visit to tho principal tin and other mines in 




Cornwall, - I much needed this little holiday, and Mr Hunt rlmve me 
nearly all round the county of Cornwall in an open phaeton, a journey 

full of deep .interest to me. My friend—for so I am proud to call him_ 

was a positive living encyclopaedia,- aud neither the longest journey, nor 
the lonely parlour of the village inn, was ever dreary with such 
an agreeable companion. We visited some of the manga™** min** • 
which were not very promising, being situated in localities far removed 
from shipping ports, to which their output must have been transported 
by hbrse and cart over bad roads. 

While Mr. Hunt pursued his professional duties, I made a., short 

leading down to Land’s End. At some works in the district I found 
a pair of dwarf serpentine columns of great beauty, which ^purchased as a 
memento of this most interesting journey. They are at present (1896) in 
good company, for between them stands a massive pedestal, 4 ft. high, 
made of Algerian onyx, forming the base of a large Parisian clock, 
with a life-sized bronze figure holding a revolving pendulum. The 
serpentine columns support busts of Enid and Prince Geraint from the 
“ Idylls of the King,” sculptured in white CaiTara marble. This group 

Plate XXXVI.). 

On my return . to London a plain, business-like review of all the 
circumstances connected with the supply of manganese ore from Cornwall 
was unsatisfactory. My old' friend Galloway was getting on in years, 
aud not over-anxious to embark in new undertakings, while the pursuit 
of my own business, aud the spread of the process throughout'Europe, 
engrossed my whole attention. Thus time rolled on; we made shift 
with Franklinite, which was 40 per cent, richer in manganese than 


of chlorine and bleaching powder, and I knew that the firm of Tennant 
and Co., of St. Rollox, Glasgow, were most extensive manufacturers 
of this article. At that time Mr. Rowan, of Glasgow, was making 
Bessemer steel under a license from me, and I wrote to him saying 
that I was coming down to Glasgow, and hoped that he would be 























THE PRODUCTION OF BESSEMER 


production of which I had followed up as closely as my many engage¬ 
ments permitted, from the very first ineeptiou of the idea, dating from 
the reading- of a chapter on steel in Dr. Ure’s Dictionary of Arts 
and Manufactures ; followed by the perusal of Heath’s patents, and 
the evidence of the Sheffield steel-manufacturers given in one of Heath’s 
law suits, as published in Webster’s Law Reports. I never lost sight-- 
of the object^ so successfully, arrived at, which would have been 
attained long before had not the inferior alloy, spiegeleiseu, beeii an 
article of commerce at once procurable ; this delayed the production 
of an alloy specially suitable for the purpose. But, valuable as this 
ferro-manganese really was, neither that, nor spiegcleisen, could make good 
steel from the ordinary quality of pig iron used for the manufacture 

pig iron, like all other British pig, was greatly contaminated with 
phosphorus, owing to the use of puddlcr’s tap cinder to flux the hematite 
ore in the blast-furnace, and thus obtain a fluid cinder. It was not 

furnace charges, omitting dap cinder and substituting shale, and thus 
producing Bessemer pig, that any British coke-made .iron could be con¬ 
verted by'my process into good steel. The' universal presence of 
phosphorus was the primary-barrier which stopped my way; and when 
this difficulty was removed, by the absence of tap cinder from the hematite 
furnaces, we could obtain pig iron which was as free from phosphorus 
as the puddled bar iron used in Sheffield for conversion into steel; 

remedy for red-shortness, carburet of manganese. 


operations, aDd we made no secret that we used spiegeleiseu for recar¬ 
burising the converted metal. We patiently waited for the injunction 
in Chancery that was to stop its use. But neither Mr. Mushet nor 
others took any steps to enforce their patent rights. Another year or 
two passed quietly by, and our steel works at Sheffield, and those of 
our licensees, were daily increasing the quantity of Bessemer steel 





vague reports of legal proceedings. A “ round-robin ” had, it wtf atad, 
been filled up with subscribers to the extent of £10,000, and even -high 
legal luminaries and eminent engineers and experts m Great George 
Street were supposed to be definitely retained. These rumours wfigty 
very vague; nevertheless, thev cropped up m various different quarters 
over a period of many months. I personally took very little heed of 
them, feeling absolutely secure in my patent claims; no' doubt a carefbl 
search through a thousand old iron patents miedit unearth a few vague 

the subject by me, might give an outward appearance of similarity with 

atmospheric ‘air beneath the surface of crude molten iron until it was 
thereby rendered malleable, and had acquired other properties common 
to cast steel, while still retaining the fluid state." This I felt absolutely 
certain no man but myself had patented, and so I slept soundly in spite 
of rumour, which, however. I did not doubt had some foundation. 

For a period of more than two and a-half years (1857-60) after 
the date of Mr. Mushet's three manganese patents. I had no intimation 
of any kind that either I, or my licensees, were infringing any of these 
patents. But about three or four months prior to the date when a 
further £100 stamp was required to be impressed on them, to prevent their 
forfeiture, I received a letter from a Mr. Clare, of Birmingham, calling 
himself Mr. Mushet s agent for the sale of steel, and requesting an 
interview with me and my partner at my office in London on the 
following morning. On his arrival, he explained the object of his 
visit; it was simply to say that Mr. Mushet was prepared to grant 

merely wanted his rights acknowledged. I then told Mr. Clare that we 
considered that Mr. Mushet had acquired no rights under either of his 
three manganese patents, and that we entirely repudiated them. I 
also told him that we were anxious to meet any claims legally preferred; 
that we were prepared, on any day to be mutually arranged, to receive 
Mr. Mushet and his solicitors and witnesses at the Sheffield Works; 
that we would allow them to see the crude iron converted and 






















scrap iron in lieu of pig, or crude iron ; for this purpose the scrap iron was 
melted with coke in a small blast furnace, from which it was run into 
a converter similar to mine, and blown with air forced upward through 
it fcy tuyeres, the orifices of which were beneath the surface of the metal; 
all this was a pure aud simple copy of my decarburising process. But 
the 'malleable iron scrap could not be fused when distributed and mixed up 
with lumps of* coke in the blast furnace, without its absorbing about two 
per cent, -of carbon, and thus producing white iron or forge pig; it would 

phosphorus which is always present in ordinary British bar-iron, and 
which is an inadmissible quantity in cast steel. The metal thus produced 
would, in fact, be crude iron, although the various impurities present 
might differ in proportion from those in ordinary blast furnace iron. 

element, silicon, which is always present in considerable quantity in all pig- 
iron suitable for the converting process; and this, combined with the 
deficiency of carbon, would form an absolute barrier to its conversion 
into fluid mild steel, as the necessary heat could not be produced from such 
a quality of carburet of iron. This process, as might have been expected, 
proved unsuccessful. 

One more incident referring to my relations with "Mr, Mushet 
remains to be chronicled before I close this Chapter. In December, 
1866, one of my clerks announced the visit of a young lady, who did not 
send in her name, but wished to see me personally. She was asked 
into my private office, and, on my going to her, she gave the name 
of Mushet. She told me that the gravest misfortune had overtaken 
her father, and that without immediate pecuniary help their home would 
be taken from them. She said : “ They tell me you use my father’s 

what your father had no right to claim ; and if he had the legal 
position you seem to suppose, he could stop my business by an injunction 
to-morrow, and get many thousands of pounds’ compensation for 1113 - 
infringement of his rights. The ojily result which followed from your 
lather taking out his patents was that they pointed out to me some 
rights which I already possessed, but of wfiich I was not availing 

















CHAPTER XIX 
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I who was furnace mauao-er at the Ebbw t'ale Works in 1857. In 
that year he applied for a patent having for its object the decarburation 
of crude iron, by blowing forcibly down upon it in a closed chamber 

however, was not completed. In 1861, as already stated, Mr. Parry took 
another patent for making carburet of iron in a small blast furnace, the iron 
so produced containing some portion of all the ordinary constituents 
of pur n on. but differing m their proportions; in consequence of this 
difference it was proposed to convert this iron into steel by blowing 
air up through the fluid in a closed vessel, and to make it into ingots 
precisely in the maimer directed in my patents. I think it was quite 
natural that efforts at competition on these and other lines should be made 
persistently; my process was advancing with rapid strides in every State in 
Europe, and immense profits were being realised in this country by the 

in fact, thousands of tons of Bessemer steel rads had been sold at XI8 
to. £20 per ton. Some two or three years had glided away after the 
date of Mr. Parry’s second patent, which had been quite forgotten by me. 
I had at this time (about 1S64) occasion to go to Birmingham on business, 
and had left Euston at 9 p.m. I was quietly reading my newspaper in 

occupants beside myself. These were two young gentlemen, who appeared 

race, a Stock Exchange bargain, or any other matter of ordinary 
interest. Being quite young men they were naturally very enthusiastic, 




my ' reading. After some remarks by one of them, the other 
exclaimed, in a very loud tone, "I wonder what the devil Bessemer 
will say ? ” There could be no mistake as to this plain reference to me, 
since, with the exception of the members of my family, I alone answered 
to that name. It then occurred to me for the first time that all this 
excited language and jubilation had some reference to me; I had not 
the remotest »idea as to what had previously been said, or to what it 
referred. By this time we had reached Watford, and as the train went 
on I kept my paper before. me, but could not prevent my attention 
' being directed to the lively sallies of these young men. Little by little, 

or three days. It • mu?ht be a gas company, a broweuy. .or anything 
else, for up to this point I had no indication of its nature, and only 
wondered why they should question as to how Bessemer would 
receive the news. But one at a time words were dropped that startled 
me not a little, and riveted my attention to their conversation, which was 
very much veiled, as though tho scheme, whatever it might be, were 
to be kept a-profound secret at present from the outer world. But 
here and there some casual word or two was dropped, about mines and 
works, and a journey up from Wales, aud what David Chadwick had 
said about all the shares being taken up in two days for certain. Thus 
I soon began to grasp' the meaning of the fragments I had heard, and 

certainty that I' had guessed the true meaning. 

We had by this time arrived at Leighton, and my fellow-travellers got 
out, as I supposed, to take some refreshment, but the train went on without 
them, and I was left alone to think over this curious incident. Then I 
remembered that Mr. Joseph Robinson,, the manager of the Rbbw Vale 
Company’s London offices, lived at Leighton. These young men might 
probably be his sons; and this formed another startling confirmation of the 
theory I had arrived at, viz., that tlic Ebbw Vale Iron Works were 

Mr. David Chadwick, whose name I distinctly heard, was the financial 


















Ironworks and Mines. He started with surprise, but I had so directly 
assumed, the fact that he made no effort to conceal it. I said : “ I 
wish to call your attention to some facts with which you are pro¬ 
bably .wholly unacquainted, but which most nearly concern your personal 
interest, as well as that of myself and of your Ebbw Yale clients.” 

I then told^him, as briefly as I could; of the attempts that had been 
made to desJtoy the value of my invention by cornering manganese, 
and thus to force* me to sell my patents for less money than they were 
worth. I also referred to Mr. George Parry’s patents, neither of which 
could bo worked without directly infringing mine; therefore that the 
proposed company could not manufacture cheap east steel withont a 
license from me, and, what was of still greater importance to him and 
to them, was the fact that the New Ebbw Vale Steel and •Iron Company ' 

Mr. Chadwick, not unnaturally, doubted this confident expression, 
and said: “That’s got to be proved." I said: “You must excuse my 
plain, speaking, and allow me to call a spade a spade; I have but to 
express what is my determination, unless my terms of surrender are 
accepted. Do 'not suppose me weak enough to calculate on gaining a 
single point by’mere bluff; I know; by reputation, that you are a 
very unlikely person to be led away by such means. I also know, on 
the other hand, that you might readily enough in your own mind 
come to this conclusion: < Well,, let Bessemer do what he likes in law; 
it will take him some months, but we shall have got our capital 
in a few days, and shall be in good fighting trim, with £2,000,000 
to back us, and can thus afford to laugh at any threat from him.’ 
Now this is just the very tiling I have set myself to frustrate. I can 
fight the question now with £100, and obtain a victory in two or three 
days, but if I once let you get your capital, it might cost me £10,000, 
and a couple of years’ struggle in the Law Courts; so you see I must 
choose this very day to fire the first shot, unless your clients make an 
immediate and unconditional surrender; or unless you hold out a flag 

“Now there are two ways of carrying on such a war. If I were 
bent on fighting, I should mask my batteries, and so fall upon you 













been necessary in the case of Mr. Chadwick, in order to fttily impress 
him with the gravity of the crisis, it was most desirable that the 
vendors should be put in possession of these facts in a quiet businesslike 
manner through their own financial agent, and be thus able to calmly 
review their position from this new standpoint, make up their -minds 
what course they intended to pursue before seeing me, and thereby akoid 

On the second day after this interview with Mr. Chadwick, I jtnet 
by appointment at his offices, Mr. Abraham Darby, who was, I believe, 
the chief proprietor of the Ebbw Vale Iron Works; his partner, 

footing; my terms as given to Mr. Chadwick had been accepted, and 
we had merely to discuss the few details that were necessary. They 
laid great stress on the large sums of money their patents and their 
experiments had cost them, setting it down, if I remember correctly, at 
£40,000. Then this difficulty arose: Mr. George Parry’s patent was 
not in their hands, and £5,000 must be paid to give them an absolute 
control over it. This I undertook to pay, and on their arranging to go 
largely into the manufacture of Bessemer steel, I agreed to deduct 
£25,000 from their, first royalties, in lieu of paying money for the 
purchase of all their patents. After this deduction was made, they 
were to pay me the same royalties as I charged to other licensees on all 
the steel they produced. 

Thus the two great objects I had in view were accomplished. The 
signing of my deed of license took the sting out of my opponents, for 
it contained what lawyers call an “ estoppel clause,” in which they, under 
their hands and seals, acknowledged the perfect validity of all my patents : 
“ That they were new and useful,” and “were sufficiently described in my 
specifications,” and that “they were all duly specified within the time 
prescribed by law.” This clause deprived them of the possibility of 
attacking my patents, or refusing to pay the royalties agreed upon in 

It was also important that I should get the assignments of all their 
patents. Not that these patents were in themselves worth the paper 
they were written on, but so long as they existed and were the property 
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of some other persons, they were fighting material, and could be utilised 
to keep mo in the Law Courts possibly for a couple of years. This might 
have cost me an amount of money immensely greater than the loss I should 
sustain by the Ebbw Vale Company’s not paying me a royalty on their 
first year’s production of steel;'which was, in fact, only the loss of what 
never would have been mine if I had let them go on their own way 
unopposed.* tJnder these conditions I withdrew all opposition to the 
formation of the new steel company, and after a not very long interval 
I began to receive from the Ebbw Vale Company large sums quarterly 
in the form of royalty. I cannot, at this distant period, find all the 
returns of the sums they paid me, but I am undor the impression that 
I received from them altogether in royalties between £50,000 and £60,000; 
added to this they had .given up all the patents which ‘had. been held 
for yews suspended over me. 

Thus happily was. removed the last barrier to the quiet commercial 
progress of my invention throughout Europe and America—an invention 
which from its infanoy has steadily grown in extent and importance, until 
the production of Bessemer steel has reached an annual amount of not 

in every working day of the year, and having, a commercial daily value 






s eate d while the circular floor ia large enough to serve as a promenade. 
M heavy counterbalance weight is suspended vertically below the floor 
dW|h« oabm, to retain it in a horizontal plane. In Fig. 81, the cabin is 
6\mmk in the position it would naturally assume when the, ship is in 
K da#Mnd in Fig. 82 in the position it would maintain when the ship is ' 
ro$ag, that is, with its floor quite horizontal. Immediately beneath 
-the darge pendulous mass which controls the cabin is shown a concave 
won surface, turned quite smooth, and fixed to the ship. This surface 
is made with a curve, the centre of which coincides with that of the 
axis of the cabin, and the pendulous mass has a heavy cylindrical weight 

dffloae- lightly in contact with the concave dish or surface, or be pressed 
down upon it by a screw, if desired, thus acting as a friction brake to, 
prevent the cabin'from acquiring a swinging motion, or when required, 
to lock .it fast to the ship. ' There were many other details planned, 
which need not be now- entered into, as the description I have already 
given will serve to show what were the crude ideas presented to my 
mind in the early stages of the investigation of this subject. All this 
was hurried on- in a short time, Mid I felt determined to put the general 
scheme to the test of actual experiment at sea, trusting to remove 
defects in the details as experience showed them to be necessary. I 
















a small sunk space, surrounded by a railing, permitted the steersman to 
with his head and shoulders a foot or two above the floor, and 
fc#>re him was a spirit-level placed in position at right angles to the 
axis. on which the model ship was made to roll. The steersman had 
-w small double handle immediately in front of him, very like the steering 
bar of an ordinary bicycle; this handle actuated an equilibrium valve. - 
so easy of motion that a mere child could work it. The valve admitted 
water under pressure to one side of a piston, and allowed its escape from 
the other side, thus silently and quietly controlling. power capable of 
holding in absolute check any amount of force tending to put the floor 
out of a true horizontal plane. If twelve or fourteen persons walked 
suddenly over in a body from one side of the cabin to the other, it made 
no perceptible difference, for the steersman had only to watch the spirit- 
level, and by. gently moving the handle keep the bubble permanently 
in the centre, and thus insure absolute .steadiness. If the steersman took 
his hands off the steering handle, the cabin immediately partook of 
the motion of the model, which was fully equal to the roll of a small 
ship in a heavy sea. This sudden transition from absolute quiet to a 
moat unpleasant roll generally resulted in loud shouts of “ Stop her •! ” 
from the persons seated in the cabin : an order which, after well shaking 
up the passengers, the steersman always attended to. He applied his 

the relief of all.' As the mechanical demonstration of mv scheme, the 
effect was perfect. This experiment was witnessed and the result admitted 

whom will recognise in the two illustrations, Figs. 83 and 84, on 
Plates XXXVIII. and ‘XXXIX.), a correct representation of the 
apparatus they did me the honour to inspect at my house in 18G9. 

To facilitate entering and leaving the cabin at all times, notwith¬ 
standing the continued rolling motion of the model, half a dozen steps 
led to a small fixed staging supported by posts driven iuio the ground. 
Between this platform and the moving hull were two stout circular steel 
rods, working in sockets at each end, horizontally parallel to each other. i 
A number of flat oak bars, having a small round hole near each end, 














At the time ■ when the company was formed, I was much pressed 
. ip become its chairman, but I declined to do so, or even to take the 
£e£ition of director, because I had not only a great interest in the 
SalooD Ship Company, but I had other interests as a patentee, which 
might possibly come in conflict with those of the company. I felt well 
assured that no man can serve tw<*> masters, and I emphatically declined to 
place myself in so false a position. At the same time, I also declined 


Mr. (afterwards Sir) E. J. Reed, who then held an important 
position in Earle’s Shipbuilding Company at Hull, was appointed Naval 
Constructor to the Bessemer Saloon Ship Company, and we also had on 
our Board of Directors, Admiral Sir Spencer Robinson, who was an 
influential Director of Earle’s Shipbuilding Company. It was understood 
that the .ship in all its details should be designed by Mr. Reed, subject 
to such modifications as the necessities of the saloon imposed, and which 
were, few and simple, although they undoubtedly introduced important 


•Deemed, should move on axes parallel until the line of the keel, 
tat pitching in the short sea of the channel should be reduced, as 
; possible, by the great length of the ship. It occurred to me that 
>ws of the ship would not be lifted so high in meeting a high w 













*£rrV0ged; it will be readily understood that if the ship were in harbour 
and the steersman by moving his handle so as to'admit water 



. pressure into the lower part of the left-hand cylinder, would 
'ater which was above the piston through the loaded valve. At 
me the left-hand end of the beam would be forced downwards; 
Ive would have admitted water under great pressure on the 
rf the piston contained in the right-hand cylinder, thus forcing 
ip the right-hand end of the working beams, and so on. It 
. that if the door of the saloon could be thus made to oscillate 


on its axis by means of the hydraulic cylinders when the ship was in dock, 
the reverse would take place when the ship was rolling at sea; that is 
/while the ship rolled, the use of the hydraulic cylinders would enable the 
How* of the saloon to remain horizontal. The distance through* which a roll 
takes place, and the time occupied in performing the roll, constantly vary ; 
but by means of equilibrium valves under personal control, this variation 
could be easily provided for. The spirit-level directly under the eye of 
the steersman instantaneously indicated to'him any movement of the 
floor from a true horizontal plane, by the travel of the bubble from the 
centre towards 1 one end. A slight turn of the handle by the steersman 
prevented further movement. All he had to do was to keep the bubble 
in the centre of the gauge; and it was. found in the working model 
1 erected at Denmark Hill that, when going as fast as ten complete rolls 
per minute, and rolling through an angle , of 30 deg., a position of the 
floor not deviating more than 1 in. or 2 in. from the horizontal was 
maintained with ease, and with absolute freedom from jerks, a result 
which tlie vis inertia of the heavy mass forming this large saloon would 
tend to still more favourably secure. The larger the flywheel attached 
to irregularly-moving machinery the more perfectly arc these irregularities 
controlled by it; and it must always be borne in mind that all oscillating 


motions in nature commence very slowly and acquire a maximum velocity, 
gradually becoming less rapid, until motion absolutely censes in that 


direction. Then the infinitely slow reaction m the opposite direction 
takes place, and goes on until a maximum velocity is again arrived at. 
Let anyone for a minute or two watch the beautiful motions of the 
pendulum of a common clock; there is no jerlf, it does not travel through 


























The general appearance of the Bessemer saloon steam-ship is clearly 
shown in Fig. 8G, Plate XLI. Her low freeboard at each end is distinctly 
scon, and the position of her boilers and engines fore and aft of the 
long saloon, which is to a great extent hidden by a line’of deck cabins 
extending from one pair of paddle wheels to the other. 

Separate tenders for the construction of the ship, and for the engine 
and boilers, wore issued, and that for the ship by Earle’s Shipbuilding 
Company, of Hull, was accepted. The -contract for the engines and 
boilers was given to Messrs. John Penn and Company, of Greenwich. 
Knowing, as I did,-what a light and compact class of engine this 
firm turned out, I was satisfied that wc should be sure of admirable 
design and splendid workmanship. 'Here, unfortunately, began the first 
of a series of antagonisms naturally arising from powerful dual interests. 
Mr. lieed and Sir Spencer -Robinson expressed the opinion that it would 
be difficult to tow the saloon ship from Hull to Greensfibh to be engined, * 
but they did not suggest that it would be easy to send Mr. Penn’s 
engines in parts to Hull, as steam-engines are sent all over the world. 
Finally, the tender of Mr. J. Penn was, by his consent, given up, ami 
the construction of the engines and boilers was handed over to Earle’s 
Shipbuilding Company. 

Unfortunately, financial difficulties and misapprehensions occurred at 
this early stage; some of the latter were so erroneous that I find 
it impossible to pass over this subject (as I Bhould have wished to do) 
in silence, but will content myself by simply stating facts which the 
Company’s books, the list of shares issued, and my vouchers for 
payment, render absolutely indisputable. Several months after the 






10 per cent, on the early payments to the shipbuilders (Earle’s Ship¬ 
building Company, Hull); but for more than a year afterwards, the' 
Saloon Ship Company, although they found money to pay Earle's, eould 
not do so to fulfil their engagements with me. At last, I consented to 
take ,£6,000 more in Debentures, in lieu of the cash then owing tonne 
on the 10 per .cent, account. The Company were still short o£ 
and as none of the large capitalists connected with it would take-.any 

I or fivmuior ,£5,000, for which I accepted Debentures at par, bringing 
up my investment to £31,000. This money was soon absorbed, and 
tradesmen who had done work on the ship, or had supplied goods to 
the Company, eould not be paid, and they were becoming clamorous 
for their money. I naturally felt much annoyed to find this state of 
things going on in a concern with which my name was so intimately 
connected, and, in spite of my knowledge of, the eroharassed state 
of the Company, I offered to lend them £3,000 for a week or ten 
days, as money was expected within that time. They accepted my 
offer, but handed me a bill at three months 1 date for the amount; and 
having waited that time I was requested not to present it, as there 
were no funds provided to meet it. I accordingly held it over, but 
firmly determined not to allow my sympathy with the objects of the 

than” ever. The boat was 'lying in the Millwall Docks ; the London, 
Chatham, and Dover Railway Company wanted to run it for the holidays ; 




all the shares were fully, paid up, debentures could not be issued, for 
no one could .be induced to take them.' I knew the Company was deeply 
m debt, and wholly without the means of paying, and that, therefore, 
they ■ could give me no sound security for my further advances. But, 
on the other hand, a collapse was imminent, and to prevent this 
catastrophe I lent the £7,000 to cover the .iusdrance and get the boat 
round to Dover, thus bringing up my total investment and advances to 
the Company to. £41,000. This sum of £7,000 was borrowed from me 
under promise of a special resolution of -the Board, stating that the 

which had beeu promised to be placed to the credit of* the Company 
on the security of £20,000 in. Debentures, had been received. In due 
course this £10,000 was placed to the credit of the Company, and a 
' cheque was drawn for me—not, however, for' the £10,000 owing me, 
but for £7,000 only. I pressed hard for the £S,000 in cash, which by 
a special resolution of the Board I had a right to. and which was in 
their possession ; but I failed to get the money, and after a time I 
was glad to take'£3,000 in Debentures, in lieu of the money lent them, 
although I knew at the time that these Debentures were of very 
questionable value. I, therefore, held in the Company £15,000 in Ordinary 
Shares and £19,000 in Debentures. 

I have shown that by Agreement and Deed of License I was only 

of practical detail. I had been some years without doing any actual 
work at the drawing-board: my stafl of assistants was scattered, and 
I feared to entrust so important a matter as the arrangement of all the 
details of the saloon machinery to strangers. I consequently went to 
the drawing-board myself, working long hours for many weeks together. 
At my then time of life, and with the effects of my former efforts still 
hanging about me, this -work proved too much. J suffered constantly ( 
from severe headache and want of sleep, and at last my health broke 
down so completely that my friends becanft alarmed, and I consulted 

























arranged that Captain Pittock, the aide Commander of the Chatham 

and return at once to Dover. Matters being thus arranged, Captain 
Pittock started from Dover for this private trial-trip about the middle 
»f April; and, notwithstanding his long experience m daily navigating 
tiie Channel for twenty years, in daylight and. in darkness, in calm and 
in sWra, yet on a bright Spring morning, with a gentle breeze, he 
failed to steer safely into Calais Harbour, which he knew so well, and 
where at all states of the tide, and in all weathers, he had steered his 
Channel ships thousands of times without a mishap of any kind. On 
this rehearsal trial he was unable to keep the Bessemer ship off the 
pier, which she crashed into, not with her bows hut with her paddle- 
wheels, doing much damage to the pier, but still more damage to. one 
■ paddle-wheel and adjacent parts of the ship. He was, however, able to 
back out of the harbour that ho had partially entered, and by the aid 
of the other pair of paddle-wheels to. crawl back again into Dover 
' Harbour, thus deranging the whole programme, and altering all that 
had been decided to be clone during the three weeks pending the great 
demonstration advertised to be made on the 8th May, and which could 

The saloon machinery was nearly completed, but the whole of its 
working parts 'had -never o'nce been put together, and the trial referred 
to in the letter written by Mr. Reed had reference only to the testing 
of joints and connections, steam pumps, etc. ; no trial whatever up 
to the present hour .has ever been made with the complete apparatus, 
which, in fact, was never finished. The interval of about three weeks 
between the middle of April and May 8th would have euabled me to 
complete my work, and also to get- a first rehearsal of the saloon with 
its machinery absolutely finished, prior to the public use of it on the 
8th May, had it not been for the smashing of the paddle-wheel. But 
the first thing to be done after the accident was to render the shiy 
itself capable of performing' the advertised voyage, and with this object 
every available man was put on the repairs of the disabled paddle-wheel, 
and the other parts of the vessel injured in its collision with the pier. 

There was scarce time, by working nigtft and day, to get the ship 
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.and ideas, on the many novelties in this new structure; and in the interim 
we had' arrived—very slowly, it must be admitted—at tlxe entrance of 
Calais -Harbour. I, knowing what had occurred on a previous occasion, 
held my breath while the veteran Captain Pittock gave Ids orders to 
the man at the holm. But the ship did not obey him, aud crash she 
went along the pier side, knocking down the huge timbers like so many 

i knew what it all meant to me. That five minutes had made me 

triumphs of a long professional life, and had wrought the loss of the 
dearly-cherished hope that buoyed me up and helped to carry me tlrrough 
my personal labours. I had ‘ fondly hoped to remove for ever from 
thousands yet unborn the bitter pangs of the Channel passage, and thus 
by intercourse, and a greater appreciation of each other, to strengthen 
the bonds of mutual respect and esteem between two great nations, while 
it still left us the silver streak for our political protection. All this 

It will be readily understood that this second catastrophe at Calais 
finally determined the fate of the Bessemer Saloon Steamboat Company, 
which had thus become hopelessly discredited; its financial position was 
equally bad, and there only remained the formal act of winding up the 
Company, from which I withdrew myself, much disappointed. 

Had this unfortunate ship been able to steam rapidly and steer 
safely, all might still have been saved, for Captain Godbold, the Foreign 
Traffic Manager of the London, Chatham, and Dover Bailway Company, 
distinctly stated to me that had the Bessemer been capable of steering 
safely into Calais Harbour at the promised speed, his Company 'would 
have run her regularly on this station, even if her saloon had always 
been kept locked fast to the boat, on terms that would have yielded 
a handsome profit to the Saloon Company, aud thus have afforded ample 
opportwpties between her trips across the Channel for practising and 
perfecting the controlling apparatus, and training two or three meu to 


this new occupation. 

I have already explained the conditions under which I granted a 
monopoly of a portion of my patent rights*to the Saloon Company, and 
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lessen or destroy the confidence with which I had followed it up from 
its first inception to the time of the Calais smash; and, even when all 
seemed lost, I could not resist one more attempt to save the Company 
and the unfortunate shareholders, We were not bound to* that particular 
ship, and if an opportunity could only be obtained - to show that 
the (Saloon when finished would do what was expected of it, all might 
yet be well But who was to lead this forlorn hope? I, if anyone. 
But how dare I run such a ship on my own responsibility ? I 
was not mad enough for this; but the ship was worth so little that 
the liquidators might be induced to risk taking her to sea, after the 
completion of the Saloon machinery had been effected, and I was willing- 
to risk yet another .£1000 to get this done and the device properly 
tried at sea. For this purpose I proposed to place the sum of £1000 
in the London Joint Stock Bank in the names of Mr. J. O. Chadwick, 
one of the liquidators, and Captain Henry Davis, a director of 
the Saloon Company. In .order that the fund thus provided should 
be applied in a manner that would be satisfactory to the liquidators,-' 

Mr. John Beckwith, manager of Messrs. Galloway and Sons, who made 
all the hydraulic apparatus for the saloon j Mr. Robert Charles May, 
of Great George Street, Westminster, an eminent civil engineer, and 
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In the earlier pages of the narrative, my father relates the-story 
of a visit he paid to the works of some friends of his. Messrs. Hayward 
and Co., manufacturers of paints and varnishes, in London. He tells 
how he was struck with the time-honoured, wasteful, and imperfect 
process of making. drying oils in an iron pot over an. open fire: a crude 
method, always attended with uncertainty, danger, and not infrequently 
with a complete loss of the whole charge. We are told how he recom¬ 
mended a new, simple, and certain plan to replace the old primitive and 
dangerous method—a plan that had occurred to him as he walked through 
the works, and which lie embodied in a sketch. The idea was put into 
practice by Ills friends, to their lasting profit, as they for years kept 

Autobiography) was this : instead of a small charge of two or three gallons 
tank, in the bottom of which was a pipe terminating in a large roso- 

any desired temperature, and air could be forced through this coil, 
escaping from the rose-licad into the oil. The exact degree of heat 
required could be thus maintained, and the process completed with 

coloration of the oil. This may seem but a small matter—as, indeed, it 
was so far as my father was concerned, for the incident passed from 
' his mind until he was reminded of it later. But it proved a fortune 





throughout the world. 

I do not find that my father refers (except now and then quite 
indirectly) to his skill as a draughtsman and designer; yet he possessed 
both these qualities to a remarkable degree. No doubt they wore 
inherited, with other mechanical gifts, from his father, who, as we have • 
seen, occupied a prominent position in the Paris Mint at an early age, 
and possessed a rare combination or mechanical and artistic skill. My 
father speaks of a knack he possessed, as a boy, of modelling in clay, 
which he put to use' at a very early age; later, when the family had 
removed to London, the production of dies for embossing cardboard 
and metal, and especially the ornamental designs that characterised 
them, depended wholly on himself, and would not have been possible 
without natural gifts carefully cultivated. Perhaps even more interesting 
was his skill in the application of art to mechanical purposes, as 
evidenced by the engraving of his new stamp dies (see Pig. 5, Plate III.); 
by his designs and preparation of the deep-cut cylinders for making 
figured Utrecht velvet (Pig. 15, Plate VII.), and a number of other 
applications of art to mechanics that arc only briefly referred to, or 
even not mentioned, in the course of his Autobiography. 

In another direction his skill and assiduity as a draughtsman were 
remarkable. He made, with his own hand, all the drawings that 
accompanied his patent specifications, at least for a great number of 
years; and, near the close of his business career, we find that he himself 
prepared nearly all the drawings for the Bessemer Saloon. 

In lighter vein, his designs for alterations and additions to hi3 own. 
residences, and those of his children, were quite remarkable. This is 

The story of his great invention, the “ Bessemer Process,” is told 
in the Autobiography at much length and with characteristic vigour; 
but in this story my father has omitted a lew noteworthy details which 
should not be lost. It is interesting that, in the month of June, 
1859, Bessemer tool steel was first quoted in the printed price lists of the ^ 
trade. The Mining Journal of Juno 4th, 1859, gives the necessary ’ 
evidence on this point. It says;— • 

























cylYMun, at Cleveland, in Ohio, are partially completed, and ml1 he naming during the 
next year. Several other works in. Pennsylvania and at tbc "West mil probably produce 
steel within eighteen to twenty months ol the present writing (September, I860). 

The plans for the Pennsylvania Steel Company’s Works were 
prepared by my father himself, at Sheffield, and the plant was' 
almost wholly of English manufacture. The converters were made by 
Messrs. Galloway and Sons, of Manchester, and the hammers by Messrs. 
Thwaites and Curbutt,. of Bradford. 












Again, after some delay, we found the place on our hands, and this 
time my brother and I determined upon converting the long lease into 
a freehold : • an operation effected only with much difficulty and after 
prolonged negotiations. Then followed a considerable period when the 
works remained untenanted, but we eventually let them to a company 
for the manufacture of linoleum. This time there was no doubt about • 
the success of the undertaking, and the company added to the size of 
the works until nearly the whole of the three acres was covered with 
buildings. A few years since we sold the property to this company, 
and thus terminated our connection with the works .my father had 
originally built for us. 

It may not be generally known that long before the episode of the 
Bessemer steam-ship, with its swinging saloon, iny father* had given 


cross-section, and large enough to -float over two or three Channel waves 


at a time ; in the hull were to be contained the necessary propelling 
machinery, cabin accommodation, etc., and in the centre was to be 
a raised circular deck about one-third of the vessel’s diameter. This 
scheme, so far as my father was concerned, never went beyond the 


stage of-a general design; hut Admiral Popoff, at that time a prominent 
Russian naval constructor, and an acquaintance of my father, was much 
struck with the idea, and embodied it in a vessel lie built for the Russian 
Navy. A model of this vessel* which was called the “ Popoffka,” is 
now in the Musee de la Marine, at the Louvre, in Paris. 

A very conspicuous feature in iny father’s character was his intense 
love of home and its surroundings: a sentiment which endured to the 
last days of his life, and never grew slack, even during the busiest 
and most harassed periods. He always found time to make alterations 
and improvements, and to decorate his own home with the natural taste 
that belonged to him, and which he had inherited from his father. 
During his later years he extended this love of domestic improvements 
to the houses of his children, all of which bore the impress of his 
individuality. ’ 






































I 



































c of the aurfo&e 


father for a long time; it was made with great care ; but the edrfaces 
it produced lacked the accuracy and form necessary for lenses dr mirrors 

Whilst the workshop and its equipment were in progress, my father 



Fig. 96, Plate XLVII, gives an excellent idea of the general 

eminence, and the circular gallery around it was approached by a flight 
of steps. The observatory itself was about 40 ft. in diameter, an$ the ; 

bearing and the remainder as driving wheels, the latter being actuated 
by an endless steel-wire rope; motion was imparted by a small turbine 
working at a head of about 70 ft. By a simple method of reversing, 
the dome could be caused to revolve either to the right or the left, and 
the speed of revolution could be so regulated, that one complete turn 
of the observatory could be effected in two or three minutes, or in 
twenty-four hours. As will be seen from the illustration, the side 
walls of the dome were pierced with openings for windows and a door, 
so that access to the interior could be always obtained from the outer 
gallery; the position of the sliding shutter in the cupola is clearly shown 
in the illustration. The telescope was mounted on trunnions, in bearings 

The telescope itself, which unfortunately was never finished, is 
illustrated by Figs. 97 and 98, Plates XLVIII. and XLIX. Fig. 97 

the telescope. In Fig. 98, Plate XLIX, which is a view on the ground 











telescope was surmounted by a . steel ring carried on a series of short 
columns; on the face of this ring was a roller-path on which the central 
column of the telescope took its bearing, and could be turned with very 
little effort. The column, and with it the telescope, were turned by means 
of hydraulic machinery, the velocity of which could be adjusted exactly 

the two was identical. -As will be seen by Fig. 98, the body of the 
telescope consisted of a very rigid open cast-iron frame, with a solid 
ring in the centre carrying the trunnious, and at the lower end it termi¬ 
nated in a ribbed and dish-shaped casting intended to receive the large 

Fig. 97 ; on these the telescope could oscillate from a vertical to a 

arrangement, indicated in both the illustrations. A large gun-metal 
wheel was mounted on each trunnion, and immediately below, but not 
in contact, was a second wheel. On each side was an hydraulic cylinder, 
the plunger of which terminated in a long flat steel bar that passed 
between the two gun-metal wheels, already spoken of as being placed 
on each side of the telescope. As the plunger was run in and 
out, the bar moving between the two wheels gave motion to the 
latter, and, of course, caused the telescope _ to turn. The speed was 
controlled with the utmost delicacy by a small valve, wliich regulated 
the flow of water into the cylinders. This valve was, of course, worked 
by the observer. The position of the finders on the telescope is shown 
clearly in the illustration. 

As may naturally be supposed, every detail connected with the 
observatory and the telescope was planned by my father, and showed 
throughout his characteristic ingenuity, engineering knowledge, and 
correct taste. The undertaking occupied him almost to the time of liis 
death; but unfortunately it was far from complete, and with him died 
the personal interest necessary for the completion of an undertaking so 
full of ideas. 

A series of experiments which gave great occupation to my father 
for quite a long period grew directly out of his work with the telescope^; 
aud though they led to no practical .result, this notice would be 
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heat destroying the crucible. -• - - 

Experiments made with this furnace were somewhat disappointing, 
as it never developed the amount of lieat expected; copper was melted 
and zinc was vapourised, but its efficiency ought to have been much 
greater. The non-success was attributed to the inaccuracy of the small 
hexagonal reflectors, which caused considerable dispersiou of the rays, 
and consequently a great loss in heat. After some years of experimental 
work, my father became disheartened, and abandoned the solar furnace. 

It was in the early part of 1868 that my father commenced his 

continued for a considerable time. While he had them under- con¬ 
sideration, the question of the cause of the great heat of the sun 
naturally engaged his attention, and he busied himself by working out 
eory which would account for it. He was led to the conclusion that 
combustion going on in the sun attained its very great intensity 
ely owing to the pressure tinder which it took place. As the force 
gravity at the sun’s surface is about 27.6 times as great as it is on 






the surface of the earth, all the incandescent solar gases must be 
maintained in a state 27.6 times as dense as they would be if they 
formed a portion of our own atmosphere. My father was therefore 
struck with the idea that the great intensity of the solar heat might 

much higher pressure than combustion naturally does on the earth. 

to test it by actual experiment, or, as he expressed it, to have “ a little 
sun of 'his own.” He was at that time desirdus of carrying out a 
series of researches on the fusion, vaporisation, and re-crystallisation 
of the more refractory metals, and of other so-called infusible substances. 
As the first step towards attaining this result, he constructed a small 
cupola furnace, so made that the products of combustion, instead of 
escaping freely as usual, were checked, in consequence of the mouth 

of this arrangement was that when air was blown into the furnace 
at considerable pressure the products of combustion within the furnace 
were raised to several pounds above the atmospheric pressure, and 
combustion. accordingly took place under this pressure. 





which my father could meet very serious obstacles by devices which 
were exceedingly simple, and at the same time eminently successful 



eli the joint occurred, and which, of course, was liable 


ut by the leakage 


ie main blast pipe, 
pounds higher thar 
t was that whatev. 


of flame and products of corn- 
provided a hollow ring, which 
and therefore received air at a 
n existed in the body of the 
ver leakage took place . was a 


leakage of cold air into the furnace, and this cold air' completely 
protected the surfaces which otherwise might have been eroded by the 


After success had been attained in a small furnace, my father 

all of which were intended to be worked under pressure. The matter, 
however, was not proceeded with beyond this point. To-day the 
electric furnace provides still higher temperatures in a more convenient 


conception, and was admirably worked out. 

Whilst engaged in his experiments connected with the cutting of 

time; and in that industry he, with his ardent temperament, took imme¬ 
diately a keen interest. It happened that about 1884 he was anxious 

arrangements by which, under the name of Messrs. Ford and Wright, a 
diamond-cutting and polishing factory should be installed in Clerkenwell. 

industry ; but it gradually became supplanted by France and Holland, until 
tlie most important diamond-cutting factories in the world were established 

trade meanwhile had died out of Loudon, and was practically re-established 
by the energy and ingenuity of Sir Henry Bessemer, acting on behalf 
of Mr. Ford, and his grandson, Mr. "Wright. It is almost needless to 





say that the ancient methods of diamond-cutting and polishing still in 
vogue did not at all suit the ideas of my father, who could not rest 
contented until he had designed and installed an entirely new plant on 
strictly mechanical and economical lines. The Clerkenwell factory 



was indeed a startling contrast to the Dutch diamond-cutting works, 
in which all the mechanical appliances were of a very primitive description, 
and the admirable results obtained are due entirely to the wonderful 
skill of the workmen. 

A detailed account of Messrs. Ford and Wright’s factory will be 
found on page 123 of Vol. XDYII. oi,Engineering, from which the annexed 









underneath this, in the basement, was the steam engine and trans¬ 
mission pulleys, which gave motion to six belts. These passed from 
the main shaft on to the pulleys o, Fig. 105, these pulleys being 
mounted on spindles m, carried on the brackets d, the position of 
which on the vertical frame c could be adjusted by a screw. At 
the other end of the pulley spindle was the rope pulley n, driving the 
main cotton rope, which rose vertically to the level of the working 
benches, and then was taken round the pulleys on the spindles^ as shown 
in Fig. 104. The speed of the engine was multiplied until that of 
the pulleys was nearly 3000 revolutions; any mill could be stopped by 
tin-owing the rope out of contact with the double-grooved pulley on the 
spindle, by means of the lever e and the frame g, Figs. 101 and 103. 




































The sketch to which this letter refers has been re 


eproduced in 
















































































which my father never recovered; their happy union had lasted for 

occurred on the 15th March, 1898. 

In the earlier pages of his Autobiography, Sir Henry Bessemer 

of the elder Bessemer cause regret that he did not say a great deal 
more ; it is true that the interesting part of his career appears to 
have ended when, as quite a young man, he fled from Paris during 
the stormy days of the Revolution, leaving behind him almost all the 

It was during the unsettled period before the Revolution that he had 
made a name . and a distinguished position in the French Academy of 

machine invented by the elder Bessemer, which was largely used in 
the Paris Mint, for reproducing in metal, artists’ designs modelled in 
wax, either in cameo or intaglio. In the Autobiography of James 
Nasmyth, to which I have already referred, there is an interesting 
notice of one of these machines. It had been sent from Paris to the 
London Mint years after my grandfather had returned to this country, 
and Nasmyth, speaking' of it in the highest terms, relates how it was 
sent from the Mint, in 1830, to Messrs. Maudslay’s, for repair, and 
the work of its repair was entrusted to him. During the prosperous 
period of my grandfather’s life in France, miniatures of himself and 
of my grandmother were painted by an artist famous at the time, and 

Pans. I have been able to reproduce them here (see Plate L.), and 
I think that the portraits of the founders of the Bessemer family will 






